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Preface 


'riii-s  synipusiuin  ikklrcsscd  ii  lopic  of  cvci-incrcasin):  iinfXHlunce  -  ihe  latiuiiiiics  Itchnul  decisions.  I. nek  of 

uviiiiublc  dutu  required  past  Jecisiun-mukers  to  be  consci  vutivo  when  dcciJin}:  who  slunild  fly  and  who  sh^nilil  not.  I^tpers  in 
tlii.s  .syrnposiiini  updated  aviulaidc  data  iuid  pntvidcd  a  focal  p<tlnt  fi»  discussion  and  le-cvalualioii  of  acroiiicdical  seiertion 
and  i^.;cnti'jn  stmidaois  Three  discussion  pr»;fKls  at'MweJ  fur  open  ..\v.h.uittc  on  topK.s  ul  pariicnlar  conccin  ti>  memhci 
nations  i.c.  cardiu>.t.sMii«(i  and  neuiologicul  proldcms  and  lilV. 
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C’eitc  coiire5rcncc  ctuicernail  iiii  sii|cl  d’iiupoitattcc  toujiuns  giandissanlo  -  Ics  bases  coiiciclcs  dc  la  piisc  dc  dcci.sion  .snr 
raptitiide  incdiealc  on  acroiuiuiiqiic.  l.c  tnanque  do  doiinccs  disponihlcs  iicce.s.sitail  duns  Ic  passe  que  Ics  icN|Huisnbies  s<>ienl 
ptiideni.s  dans  Icur  piisc  dc  decision  concctiiant  I'aplitudc  uu  vol.  Ia*s  .u tides  dc  ecUe  conference  tncdaiciil  a  . jour  le.s  donnees 
disponihlcs  et  fonrnissaicnt  un  point  dc  dcpait  ii  la  discussion  ct  a  la  iccvaUiul:.)ii  dc.s  .slatulard.s  niedicau.x  dc  .selection  cl  dc 
icvi.sion  dc  I'aptitiide  dans  ic  doniuiiie  aeronautique.  Tiois  pci iodc.s  dc  disctis.sion  oni  |)cniii.s  dcs  dchaiige.s  snr  dcs  sujcls  d'liii 
iiiieiet  paniculier  [Kiur  b.s  nations  incinhie.s  coininc  tes  juobicnics  cardio-vasciilaires.  iiciirologiqiics  cl  )c  SIDA. 
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1.  gyMMSlVH 

THE  CLINICAL  BASIS  FOR  AEROMEDICAL 
DECISION-MAKING  lS-21  APRIL  1994, 
Palma  da  Mallorca,  Spain. 


Authors  from  eleven  countries 
presented  thirty  papers  in  this  four 
day  meeting  which  included  a 
technical  tour.  Significant  to  this 
meeting  was  the  attendance  and 
presentation  of  a  paper  by  a 
representative  of  the  Czech  Republic. 
Also  of  significance,  was  a  clinical 
topic,  the  first  since  October  1991. 

This  symposium  addressed  a  topic  of 
ever-increasing  importance  -  the 
rationale  behind  aeromedical 
decisions.  Lack  of  available  data 
required  past  decision-  makers  to  be 
conservative  when  deciding  who  should 
fly  and  who  should  not.  Papers  in 
this  symposium  updated  available  data 
and  provided  a  focal  point  for 
discussion  and  re-evaluation  of 
aeromedical  selection  and  retention 
standarde.  Three  discussion  periods 
allowed  for  open  exchange  on  topics 
of  particular  concern  to  member 
nations  i.e.  cardiovascular  and 
neurological  problems  and  HIV. 


Such  exchange  would  also  eliminate 
costly  redundant  research  and  help 
focus  future  reeearch  and 
collaborative  efforts  with  the 
purpose  of  more  effectively  using 
AGARD  member  nation  resources  and 
solving  the  more  difficult  or  most 
frequently  encountered  problems. 

The  scope  of  this  symposium  was 
broad,  being  determined  not  only  by 
ths  topics  of  the  papers,  but  also, 
because  of  the  open  dlscuBsion 
periods,  by  the  attendees  and  membsr 
nations  needs  and  interesta.  Of 
particular  interest  are  cardi¬ 
ovascular  and  neurological  problems 
including  cardiac  dysrhythmias,  hsad 
injuries,  and  human  immunodeficiency 
virus  since  thsa<*  ar*  either 
responsible  for  the  greatest  number 
of  problem  decieions  or  the  most 
difficult.  The  mechanisms  for 
granting  waivers  wao  an  additional 
area  of  interest. 


PROGRAM 


The  s^mnpoelum  compriaed  five  Beselons 
each  dealing  with  an  aspect  of  the 
decision-making  process  in  clinical 
aerospace  medicine.  Topics  did  not 
deal  with  clinical  conditions  alone 
but  also  with  the  mechanisms  to 
ensure  consistency  and  necessary 
follow-up. 


.ii-KyREgSa.  AM?  SWP6 

The  purpose  oi  this  symposium  was  to 
exchange  data,  experience,  and 
management  rationales  dsaling  with 
the  very  difficult  task  of  aero- 
medlcal  decision-making.  Sharing 
this  information  would  enable  nations 
to  update  management  protocols  based 
upon  experience  and  data  siada  more 
powerful  by  its  collective  nature. 


Thr  symposium  key  note  address 
speaker  was  Richard  Hickman  H.D. 
H.P.H.,  Consultant  in  internal  and 
Aerospace  Medicine  at  the  Mayo  Clinic 
in  Rochester,  Minnesota  and  formerly 
Chief,  Clinical  science  Division  at 
the  USAF  school  of  Aerospace 
Medicine,  Brooks  Air  Force  Baee, 

Texas  U.S.A. 

Session  I  dealt  with  the  overriding 
principles  behind  aeromedical 
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standards,  tho  loschanisnts  used  by 
mambar  nations,  and  the  collective 
experiences  of  these  waiver  systains. 
Included  was  a  discussion  period 
entitled  ‘Should  This  Pilot  Fly7‘ 

Session  II  addressed  the  process  of 
evaluating  aircrew  members  who  are 
being  considered  for  waiver  for 
Selected  conditions. 

Session  III  considered  the  difficult 
area  of  decision-making  when  neuro¬ 
logical  conditions  are  involved. 

Since  conditions  under  consideration 
have  the  potential  to  causa  sudden 
incapacitation,  participant  interest 
was  particularly  keen  during  the 
discussion  period. 

Session  IV  presented  new  information 
on  a  number  of  conditions  involving 
multiple  systems.  Of  particular  note 
was  the  recommendations  from  study 
groups  bassd  on  over  two  decades  of 
data. 

bastiy.  Session  V  featursd  a  papsr 
from  the  Czech  Republic  and  a  flnil 
diecusaion  period. 

The  topics  addressed  in  the  thirty 
papers  presented  in  this  symposium 
served  to  both  increase  our  knowledge 
of  the  current  available  experience 
with  diseases  of  aeromedical 
significance  and  to  underline  the 
areas  where  data  ie  aparce  and 
decisions  are  necesaarily  on  less 
firm  ground.  The  papers  covered 
management  and  dacleion-making 
systems,  specific  protocols  for 
arriving  at  the  deoision-making 
point,  data  collected  over  years  of 
rssearch  which  can  assist  in 
decision-making,  challangsa  prasentad 
by  specific  conditions,  and 
disnuBsion  of  poosible  future 
collaborative  efforts  aimod  at 
putting  decision  making  for 
particularly  vexing  conditions  on  a 
firmer  scientific  basis  in  the  least 
time  for  the  least  commitment  of 
resource  for  any  particular  country. 


The  keynote  address  was  just  that. 

It  characterized  the  setting  of 
aaromsdlcal  daciaion-making  as  one  in 
which  our  understanding  of  the  true 
nature  of  asymptomatic  disaasaa  and 
disorders  is  both  rudimentary  and 
aimplistio.  A  eatting  in  which  our 
very  physical  standards  are  an  open 
declaration  of  our  ignorance,  for  why 
alee  would  we  be  raguirad  to  make  the 
same  decision  in  ths  same  way,  every 
time  instead  of  individualizing 
dispositions  as  dona  in  clinical 
medicine?  The  speaker  both  lamented 
and  endorsed  this  systematic,  even 
rigid,  proceas  for  arriving  at 
dispoaitions,  acknowledging  that  it 
is  indispensable  for  aircrew 
standards  research. 

Dr.  Hickman  clearly  differentiated 
the  practice  of  clinical  medicine 
from  that  of  aerospace  medicine, 
where  by  almost  any  standard, 
clinical  practice  is  conducting  upon 
o  much  more  robust  foundation  than 
asrospacs.  He  acoeptsd  that  soma  of 
this  is  inherent  and  unalterable, 
however  he  further  noted  that  there 
are  aspects  of  aerospace  medicine 
which  ace  amenable  to  alteration.  Ry 
addressing  particular  information 
voids  we  can  facilitate  sound 
aeromsdical  decisions.  These  aress 
arai  the  natural  history  studies  of 
asymptomatic  disorders,  the  merging 
of  medical  epidemiologic  data  on 
subclinica''  proceesee  in  air  craw. 

Dr.  Hickman  further  focused  our 
attention  on  selection  research  — 
rasnarch  tisd  to  outcomes  of  intersst 
—  as  offering  the  greatest  return  on 
investment . 

Having  identified  the  milieu  in  which 
we  practice  our  specialty,  and 
auggestod  araaa  where  we  can  make 
signlZloant  progress  for  the  least 
inveutmu.it.  Dir.  Hickman  challenged 
ths  Aeronieaj-cti  paitei  ©#  acarp  to 
earve  as  the  sponaor  for  true 
multinational  research  projects. 

Both  the  enormous  pools  of  talent  and 
the  olinical  denominator  to  produce 
solutions  are  available  to  the  AMP. 
The  aroa  of  pharmacology  is 
particularly  conducive  to  this 
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collaborative)  approach  ainca  each 
NATO  mambar  haa  araas  of  axcellanca 
which  thay  could  contribute.  Having 
decided  on  which  druga  v;era  of 
Intareat  to  the  AGARD  community, 
member  natlona  would  then  work  In 
parallel  to  produce  rapid  raaulte 
with  great  economy.  This  Information 
would  benefit  both  the  enormously  to 
the  international  aeromedlcal 
knowledge  base.  This  approach  would 
allow  nations  to  have  mors  thera¬ 
peutic  agente  available  to  them  to 
treat  disorders  of  aircrew  while 
maintaining  them  on  flying  status, 
thus  saving  enormous  auma  on  training 
and  repacoment  cnata. 

The  formal  program  began,  quite 
naturally,  with  the  proceaaea 
involved  In  allowing  an  aviator  with 
a  disqualifying  medical  condition  to 
obtain  a  waiver  to  fly.  Paper  #1 
(Giovanetti)  clearly  Bpellsd  out  the 
criteria  neceaaary  to  consider  and 
aviator  for  waivers 

a.  There  muot  be  minimal  risk 
of  sudden  Incapacitation. 

b.  There  must  be  minimal 
potential  for  subtle  i  jrformance 
decresnsnt,  particularly  with  regard 
to  tbs  higher  aensea. 

c.  The  condition  must  have 
resolved  or  be  stable  and  be  expected 
to  remain  so  under  the  stresses  of 
the  aviation  environment. 

d.  If  there  is  a  risk  of 
progreuslon  or  recurrence,  the 
symptoms  must  be  easily  detectable 
and  must  not  pose  a  risk  to  the 
safety  of  the  Individual  or  othera. 

e.  The  condition  must  not 
require  exotic  tests,  regular 
invasive  procedures  or  frequent 
abaanaaa  co  aiunlLur  1l\jL  MU&willvy  cr 
progreselon. 

f.  The  condition  must  be 
compatible  with  performance  of 
sustained  flying  operations  in 
austere  environments  worldwide. 


Two  examples  of  printed  guidelines 
for  rsquestlng  waivers  were  dis¬ 
tributed  to  attendees  by  the  US  Air 
Force  and  Navy, 

Host  waiver  ayatsme,  as  noted  In 
papers  (Vasteaueger) ,  #3  (Ballsy), 
#4  (Gallaghar),  #S  (Rlos-Tejada)  are 
highly  centrallted  yet  attempt  to 
Individualise  the  categories  (paper 
/I)  and  consider  of  factor e  such  as 
experience,  aircraft  type,  mlselon, 
and  medical  condition.  A  review  of 
waiver  data  (paper  #2,3,4,  and  S)  was 
particularly  helpful  in  identifying 
those  conditiona  most  likely  to  cause 
disqualification,  most  likely  to  be 
waived,  and  most  frequently  seen. 

This  data  was  consistent  for  the 
threa  nations  presenting.  Such  data 
systeme,  particularly  the  extensive 
Aviation  Medical  Data  Retrieval 
System  (AHORS,  paper  #£  Nlckle), 
offer  much  as  a  resource  for 
epidemiologic  studies.  However,  the 
point  was  made  In  the  very  active 
dlscUBSlon  psrlod,  that  the  most 
valuable  Information  these  data 
systems  can  give  the  aeromadlcal 
community  is  prospectlvs  studies 
addressing  such  questions  asi  How 
long  was  the  welvered  aviator’s 
flying  career?  Was  he  ultimately 
disqualified  for  this  condition?  and 
moet  Importantly,  Was  he  Involved  In 
any  mishaps  and  was  his  condition 
casual  or  related? 

The  next  topic  for  consideration  of 
the  eytnpoalum  was  the  evaluation  of 
the  aviator,  whether  screening  for 
disease  or  deteroilnlng  the 
asromedlcal  significance  of 
dlscoversd  abnccmalltlcs.  Fapsr  #8 
(Rclchenbach-Kllnke)  outlined  the 
attributes  of  an  effective  aviation 
medical  screening  test  as  onei 
designed  to  detect  conditions  which 
are  a  throat  to  flying  safety,  with 
high  sensitivity  and  specificity,  and 
Inexpensive  to  run.  Me  have  not 
always  been  auccaseful  In  achieving 
these  characteristics  and  many 
screening  systems  have  come  into 
general  use  which  were  of  question¬ 
able  value  (paper  #16  DsVroll). 
Although  this  ie  understandable 
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gj,vian  tha  critical  naad  far  tools  to 
assist  ths  dacisionmakar I  we  must 
subject  avary  screening  test  to 
rigorous  apidamiologic  scrutiny  in 
order  to  ansura  it  is  iullilling  its 
Intended  purpose. 

Paper  #16  danionetrated  a  rigorous 
review  which  resulted  in  a 
racomioandation  to  abandon  a  test  for 
tha  evaluation  of  uyncope  and  to  rely 
on  t  step~wlsa  algorithmic  approach, 
which  is  highly  individualized  and, 
as  always  with  syncope,  vary 
dependent  on  history.  Paper  /14 
(Merchant)  described,  on  tha  other 
hand,  a  method  of  evaluating 
psychologic  fitness  in  tha  aviator  or 
potential  aviator  which  appears  to 
offer  a  consistent,  simple  tool. 
However  this  system,  as  with  many 
used  in  selection,  has  not  been 
rigorously  examined  because  of  the 
rsguirnmant  for  long  term  prospective 
studies,  and  the  Cwliow-up  Of  non-' 
selectees.  Paper  #16  (Bias) 
described  a  lass  exi^ensive,  highly 
aenaitiva  and  apacific  test  to  detect 
susceptibility  to  motion  sicknees, 
and  deatonstrates  what  should  be  the 
goal  of  test  designers  in  aviation 
medicine.  Paper  #9  (Canasa) 
advocated  thyroid  stimulating  hormone 
as  a  screen  for  thyroid  disease  but 
demonstrated  another  important 
principle  of  screening  in 
recommending  that  che  test  be  used 
for  those  st  risk  for  devs loping 
hypothyroidism  rather  than  tha  entire 
screened  populstlon.  Paper  #10 
(Sslg.-ieuric) ,  and  #12  (Osaard) 
preaentad  excellent  use  of  technology 
to  functionally  evaluate,  in  a  more 
practical  manner,  .an  aviator  with  a 
domonstrated  medical  condition:  the 
in-flight  Holter,  and  the  medically 
monitored  centrifuge  ride.  Lastly, 
paper  #13  (tlyhre  )  challenged  the 
time  honored  system  of  putting 
aviators  involved  in  mishaps 
immediately  back  Into  the  cockpit, 
and  offered  compelling  reasons  why 
this  should  be  done  only  after 
adecuste  counseling. 

Since  neurologic  cvinditiona  are 
particularly  likely  to  result  in 


subtle  or  catastrophic  incapac¬ 
itation,  they  ere  of  great  interest 
to  the  aeromedical  decisionMker . 
fat  decieion  criteria  are  still 
primitive.  Paper  #13  (Porcu) 
addraaaed  that  challenging  area  of 
mild  head  injury  and  concluded  that 
there  exlats  no  diagnoatio  protocol 
with  an  unequivocal  prognostic  value 
and  therefore  we  must  uaa  elactco- 
physiologic,  neurophysiologic  and 
nauropttchologic  tests  available. 
However  these  taeta  would  be  of  much 
more  value,  tha  authors  contend,  if 
baseline  teste  were  available  for 
comparison.  Paper  iTlS  (Glaser)  and 
#20  (Ribeiro)  also  advocated  tha  use 
of  ttlectrophyaio logic,  particularly 
the  ESC,  in  tha  salu*':tion  of  aircrew, 
however  paper  #21  (Firth)  challenged 
its  value:  “Because  and  abnormal  BSC 
has  meant  de-salactiun  and  susat 
rejected  candidates  havs  not  been 
followed  up,  the  aanaitivity  and 
specificity  of  the  G£C  In  the 
screening  aetting  has  yet  to  be 
established.*  He  emphasized  the  past 
end  family  history  aa  the  significant 
criteria  since  first  eeizurss  in  ths 
ages  group  20-60  are  due  to  alcohol, 
head  injury,  infection  or  tumor,  for 
which  no  ££G  Mrkera  would  be  present 
at  selection. 

Paper  #22  (Rios),  #23  (Fippig),  and 
#24  (Feud),  dealt  with  the  management 
of  spine  end  apinal  nerve  injury 
which  calls  for  examination, 
radiographic  studies,  end 
slectrophysiologic  tests  to  fully 
evaluate  the  condition.  Rios  goes 
further  too  recommend  that  baseline 
KKls  bo  obtained  to  offer  a  baseline 
for  comparison  with  a  post  ejection 
spine,  or  a  post  long  term  high  G 
axpOBore.  This,  of  course,  would  bo 
valuable  information,  however  it 
chal lunges  ths  cost  offsettvs 
criteria  for  a  good  test. 

Lastly,  paper  #28  (Azofra)  reviewed 
the  challenge  to  decisionmekaru  posed 
by  human  inwunodaflciancy  virus 
(HXV) .  The  paper  accentuated  tha 
need  for  etudies  which  evaluate 
asymptomatic  seropositive  indlvidusis 
in  erder  to  assist  in  deteciriinlng 
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tha  disjxjait-ion  of  thass  difficult 
caaaa.  Thara  was  much  diacuaaion  on 
thia  topic  ard  pucat  agcaad  that  until 
mora  infoiioatiun  ia  availabla,  HIV 
positiva  aviatora  muat  ba  avaiuated 
or  a  casa  by  caaa  baaia. 

Tha  naxt  aaaaion  daalt  with  s  variaty 
of  conditions.  Papar  #2S 
(Richardson)  and  f26  (Kunson) 
damonstrated  tha  "gold  standard*  of 
aaromadical  atudiaa  and  tha  approach 
which  is  an  abaoluta  raquireaiant  for 
tha  aaromadical  decisionmekar.  Theaa 
papara  raportad  the  raaults  of  two 
long  term  prospactiva  atudiaa  dealing 
with  supraventricular  condition  to 
tha  flight  surgeon,  and  aarcoidoala. 
With  tha  power  of  a  cohort  study  with 
hundrade  of  person  follow-up  years, 
these  studies  ware  able  to  recoiomend 
significant  liberalization  of  the 
present  standards.  Unquastionably, 
thaaa  types  of  studies  reprsaent  tha 
solution  to  many  of  the  problems 
facing  the  aaromadical  decisionmaker 
today,  including  many  of  tha  topics 
discussed  at  this  symposium. 

Paper  (Saboe)  offered  another 
alternative  to  the  prospective  study 
approach  of  papers  ^26  and  #27.  By 
oieans  of  a  retrospective  approach 
‘Combined  with  an  extunsive  review  of 
leant  literature,  a  practical 
oiapoaitlon  for  aviatora  with 
asymptomatic  cholelithiasis  was 
proposed,  once  again,  significantly 
liberalizing  former  apprcaoh.'*i. 

Paper  #29  and  #30  (Ivan)  offered 
homprehenaive  reviews  of  two 
important  ophthalmolgic  topics,  color 
vision  and  photo-refractive 
keratect-oQiy  (prk)  .  Ivan  presented  a 
thorough  review  of  color  vision 
stsiidarda,  auu  clearly  ue.'[iOiietcaLeu 
tils  increased  demand  on  color  vision 
capabilities  of  the  modarii  aviator. 
Given  these  demands,  it  is  clear  we 
must  select  for  the  *  super  cone  man* 
tha  aviator  whose  color  vision  will 
be  able  to  capitalize  on  the  aircraft 
displays  and  other  color  challenges 
in  the  aviation  (to  include 
aaaaaaiaent  of  blue/ yellow 


performance)  and  frequent  tasting 
combined  with  new  standards.  PRK  is 
surgery  using  laser  technology  to 
ablate  and  reconatruct  tha  cornea 
with  tha  intent  of  changing 
refraction.  As  with  radial 
karatotomy  (RK)  this  procedure  is 
attractive  to  aviation  candidates  who 
might  otherwise  be  disqualified  for 
flying.  Although  it  appears,  Ivan 
contends,  that  PRX  is  most  likely 
going  to  be  widely  accepted  and  a 
successful  way  to  treat  myopia,  he 
feels  it  has  no  place  in  tha  aviation 
environment  until  fully  investigated 
to  include  tha  long  term  effecta  of 
the  procedure. 

The  last  paper  #31  (Rada)  offered  a 
revealing  review  of  an  eleven  year 
study  to  determine  the  use  and 
effectiveness  of  selected  medications 
in  Czech  aviators  with  medical 
conditions  which  would  have  otherwiaa 
been  disqualifying.  Tha  pai>er  is  tha 
flrat  by  a  former  Warsaw  Pact  nation 
at  an  AMP  symposium  and  opens  a  new 
era  of  aeromedical  cooperation. 

7,.  WWgpsiQKS 

7.1  Aaromadical  decisionmakers  face 
significant  pressures  in  a  reecurce 
limited  environment  to  maintain 
trained  aviators  in  the  cockpit,  and 
select  candidates  who  will  fly  n  full 
career. 

7.2  New  medical  conditions  such  as 
HIV,  and  new  technology  such  as 
photo-refractive  keratectomy  present 
new  challenges  to  the  decieionmaking 
procees. 

7.3  Hell  deeignad  studies  with  large 
denomlnatora  can  provide  the  data 
iiwC'wsaary  to  wake  effeotlva 
aeromedical  decisions. 

7.4  Rsduced  resources  limit  our 
obiiitiao  to  accomplish  tne  necessary 
studies. 

7.5  The  free  exchange  of  aeromedical 
experience  amongst  nations  offers  the 
opportunity  to  obtain  the  data 
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naceaaary  to  make  difficult 
aetomedical  dacieions. 

8.  RECOMMEHDRTIONS 

8*1  Tho  Aaromedical  Paiial  of  AGARD 
continue  to  sponsor  clinical  symposia 
designed  to  share  acquired  duta  in 
order  to  assist  memoer  nations  in 
making  difficult  aaromedical 
decisions. 

8.2  Tho  AMP  act  aa  a  focal  point  for 
developing  joint  studios  which  can 
provide  the  necessary  study  subjeetT 
and  expertise  not  possible  in  any  one 
niombor  nation. 

8.3  The  AMP  propose  a  AGARO  working 
group  to  develop  the  mechanism  for 
joint  evaluation  of  medications  for 
potential  aviation  use. 


THE  CLINICAL  BASIS  FOR  AEROMKDICAL  DECISION  MAKINC 


J.  R.  Hickman,  Jr.,  M.D. 

Divisions  of  Preventive  Medicine  and 
Cardiovascular  Disease 
Dcparlnicnl  of  Internal  Medicine 
Mayo  Clinic 
Rochestei  MN  55905 


Mr.  Cliaimuin.  AGARD  colloagnes.  and  pnc.sis. 
i’lea.se  accept  iny  {ti  atittide  lor  you'  kiml 
invitation  to  open  this  syniposiuin.  It  is  good  to 
sec  you  again.  My  iiiialilications  to  open  this 
syinposiuni  do  not.  in  niy  opinion,  derive  iVoin 
my  clinical  credentials,  nor  front  niy  25  yeais  of 
experience  in  clinical  aerospace  medicine.  My 
singular  c|iiaiification  to  address  you  is  huilt  upon 
my  hehited  understanding  of  how  very  ignorant  1 
atit  of  the  true  knowledge  liase  upon  which 
aeromedical  decisions  must  lie  based.  Gur 
itnderslandittg  of  the  true  nature  of  asymptomtitie 
diseases  and  di.sorders  is  so  very  rudimentary  and 
sitnplistie  when  eontpareil  to  the  way  things 
really  tire.  I  could  not  Imve  given  (his  keynote 
address  1(1  years  ttgo,  nor  even  five  years  tigo.  I 
can  now  at  least  attempt  this  task  sii.ee  1  believe 
that  I  now  understand  the  suhjeet.  bec.iuse  I  am 
ticutely  aware  of  my  ignorance.  Please  tillow  me 
to  i|uote  Joint  Ruskin  ( 1 XI 9- IdOOt:  "To  know 
anything  W'cll  involves  a  profound  sense  of 
ignorance." 

Peihaps  one  needs  a  4()-year  career  itt  aerospace 
medicitie,  with  the  first  20  years  cuhiiiiniiing  in  a 
sense  of  what  is  not  ktiown.  graihitilly  absorbing 
tile  iiiijiael  of  new  medical  lecimology,  striving  to 
cope  with  tile  demttttds  of  new  tierospaee  weapon 
systems,  learning  that  (bere  is  no  snbsillnie  for 
natural  history  anil  epidemiohigietti  studies  in 
airerew,  and  also  letirning  that  Ihere  is  no 
idlevnative  to  physiologic  e.xperintonis  ti|ioit 
wliieh  all  medieine.  including  aerosptiee 
medieine,  is  based.  One  eould  then  spend  the 
following  20  years  ap|ilying,  these  eoneepts  to 
airerew  standards  researeli. 

I  bis  is  the  first  AGAUD  paper  wliieb  1  have 
given  which  did  tioi  rcipiire  data.  I  do  not  choose 
to  tell  you  the  ciiricnl  state  of  waiver  policy  for  a 
host  of  abnormalities.  I  do  wish  to  share  some 
philosophy  w  ith  you. 


We  arc  all  aceusiomed  to  the  fact  llitil  in 
aerospace  medicine  we  must  have  iihysieal 
slandards-  iind  liccause  wc  have  such  standards, 
we  are  oeeasioiially  aecuscil  of  hiding  our 
ignoranec  hehiiul  the  rules  and  rcgu.aiions, 

I  .xaelly  the  opposite  is  true  rite  pliysieai 
slandards  are  an  open  declaration  of  our 
eolieelive  ignoranec.  which  ;ei|uires  ns  to  make 
the  same  decision  in  the  same  way .  every  timi. 

1  low  else  will  we  cvenlually  learn  the  answers,  il 
wc  have  no  sysicmalic  approach  wliieh  we  can 
eonliiuially  audil?  We  eannol  defer  our  decisions, 
liven  when  a  solid  facitial  basis  for  a  dee'  .on  is 
absent,  we  often  find  ourselves  in  a  sii  ■-  .on 
described  by  Immanuel  Kam  t  I724-’K()4):  "It  is 
often  necessary  to  make  a  decision  Ivsed  upon 
information  which  is  sulTicient  for  action,  hut  not 
sullieieni  to  satisfy  llie  intellect"  Il  seems  ipiile 
appropriate  to  begin  a  diseussion  of  elinn  ul 
ileeision  making  in  aerospaec  medicine  with  a 
reference  to  Kant.  K.tni  held  that  ilte  content  of 
knowleilge  comes  a  posteriori  lion'  a  sense  of 
perception,  and  the  form  of  knowledge  is 
delerniiiied  by  a  priori  eaiegories  of  Ihe  mint'.  In 
elinieal  aerospace  medieine,  we  are  oflen  dealing 
sirlelly  lioin  ;i  perceptual  standpoint.  In  many 
v.'ays.  our  outlook  is  still  Kanliait.  h'li  'he  most 
desirable  goal  for  aerospace  medieine  is  to  evolve 
along  Ilte  more  analytical  lines  of  Jung  i"  the 
systeniaiie  malheinalieal  philosophy  of  Rascal. 
While  we  must  oflen  act  undei  nebulous 
circumsiai!  es.  \ve  must  never  pretend  to  a 
i\  isdom  which  does  not  e.sist.  Airerew  phiysieal 
standards  must  be  viewed  as  a  system  which  we 
eoniiiuially  aud.ii  for  onleome.  modify  with  new 
physiologic  dala,  anil  derme  new  subsets  as  new 
diagnostic  tools  evolve. 

We  are  largely  faced  with  three'  situations  m 
clinical  aerospace  medieine.  (  I  able  No.  ! ) 
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Table  No.  I  (1.IN1CAL  LjliClSIONS  IN 
AI-IRCaS^AC^II  MHDICINH 

1 .  The  aviatoi'  '.villi  overt  elinieal  sytiipioms 

2.  The  aviator  'A'ith  rluennicnietl 
avymplomalic  di.sea.se 

.^.  Ttie  a.symplomalic  aviator  with  abiiorniul 
tests  only 

The  disposition  of  overt,  symptoiiialie  disease  is 
not  es|Aeially  ililTieiilt,  nor  is  it  the  most  eoninion 
of  the  decision  types  hel'ore  ns.  The  aviator  with 
doeinnented,  hut  asyinplomalic  disease,  rec|nires  a 
decision  based  upon  the  natural  history  ot'  tlic 
suhclinical  disorder  and  upon  the 
piithophysiologic  cITccts  ol  thc  disorder  in  the 
aerospace  environiuenl.  I  llstorictilly,  we  have 
made  conservative,  safe,  ami  expensive  decisions, 
trapped  in  our  ipnoiance  ol'  the  suhclinical 
disorder.  The  mos'  ■>  ■licidi  ctisc  is  the  one  most 


coninionly  encotnucred  in  aerospace  niedicinc-- 
an  aiicrew  meinher  with  abnormal  tests,  often 
rciiniring  uddilional  extensive  testing  to  elucidate 
the  screening  tests  Case#l  is  the  eoinmon 
clinical  case  ol'everyday  contcniporury  medical 
practice.  Cases  #2  and  f/.d  are  largely  eonlined  to 
occupational  and  aerospace  mcclieine. 

Most  of  us  have  learned  clinical  decision  making 
in  the  sick  patient  environment.  But,  elinieal 
decision  making  in  aerospace  medicine  is  more 
Ihiin  snperrieially  dilTerenl  from  liiidilional 
clinical  decision  making.  If  we  are  to  improve 
elinieal  decision  making  in  aerospace  medicine, 
jrerliaps  it  would  be  helpful  to  coiilrast  aerosiitiee 
medical  decision  making  with  usual  clinical 
practice,  paying  special  atlenlion  to  those  areas  of 
aerospace  medicine  decision  making  which  can 
he  eniianeed.  (Table  No,  2) 


Tahle  No,  2  COMI'AKhSON  0|- (  I  .INK  Al,  AND  AhRtTSI’AfT  MLiDK'INl-: 

Ol-ChSiON  MAKINCi 


C'litiieul  Medicine 
Usually  symptomatic 
Usually  available 
Miulcralcly  high  or  high 

High  for  positive  tests. 
Moderately  high  lor 
negative  tests. 

Many  suhsei.s.  extensive 
nomcnelalure 
Usually  abutidam 
Uiagito.sc  atid  beta 


C'liiiieal  .Stiite 
Natural  I  lislory  Oalti 
Prevalciiee  of  .Suspeeteil 
I  disorder 

IVeilietive  V.tiue  -if  Diagnostic 
Tests 

Diseases  .Siihsels  Defineil 

Ouieouie  Dtiia 
Decision  duals 

Decision  lind  I’oitit 
Rcquirctiiem  to  make  ti 
Decision 

Impact  of  the  Decision 

Sui  vcilhmcc  aiul  Retesting 

I’hysiological  Basis  ol 
Decisions 

Tharmacological  Data 

Niimhci  of  Dcc'sioii  Makers 
Tconomic.  Life  C'ircimisianccs 
IlilptlCt  oil  the  Paliclli 
IX'sires  and  Wishes  ol  the 
I’alient 


Aerospace  Medicine 
I  fsually  no  symptoms 
.Sparse 
I  .os\ 

Low  for  positive  tests. 

Usually  high  for  iiegtiiivc 
Icsls. 

Usually  ve  y  few 
Sparse 

IVovc  sale  to  fly.  rlclahcl 

palieiiis 

l  ly  or  not  fly 

Always,  usually  with  .some 
tiigeiicy 

I’oientially  profouin'. 

l'iei|tienl  and  extensive 

Multiple  hirormalioii  voids 

Oflcii  little  diila  for  the 
aviation  ciiviromuciU 
M;iny 

Potentially  of  great  magnitude 
Often  cannot  he  consiilcred 


Treat  or  not  neat 

Oh.servalion.  dcTcrrcd  ilccisions 

common 

Usually  IK)  penally  for 
empiricism,  trial  and  error 
Dichilcd  by  clinical  constellation, 
oTicii  mininial 
V'cll  cslahlislu'd 

Voluminous  data,  miihiplc  li  i  ils 

I  )nc  Ol  lew 

Often  great,  but  often  minimal  lor 
same  disease  in  a  nonavialoi 
Wide  range  of  ttpiions  open  to  the 
patient 


’I'hc  clinical  slate  i.s  llic  I’iisl  anil  most  ohvimis 
ilillcrciicc.  Clinical  medicine  i.s  usually  piaciiccd 
upon  a  large  natural  history  ilala  base,  hut  suclt 
data  ba.ses  in  aerospace  medicine  for 
asymptoiiialic  disorders  are  quite  sparse.  Hccause 
we  are  dealing  with  a  hetillhy  popultition  in 
aerospace  medicine,  the  prevalence  orsusperied 
lisorders  is  low  .  which  has  a  proround  elTeci 
upon  the  predictive  value  ol'diagnostie  tests  in  ihe 
asymplomalie  popuhtlion.  In  the  aiierew' 
population,  predictive  values  are  iisuallv  i|iiile 
high  ha  negative  tests,  but  conversely  iitiile  low 
lor  positive  tests.  Positive  preilielive  values  are 
usually  quite  high  in  a  symptomatic  population, 
where  the  suspected  disetise  is  usually  quite 
prevalent.  Negative  laedieii'e  values  are  usually 
moilertilely  high,  but  not  as  high  as  in  i  well 
patient  popidalion.  .Mniosi  every  diagiKisiie 
ealegoi  v  in  clinical  medicine  has  multiple  subsets 
atui  e.xtensive  iKimenelature.  The  diagiiostie 
subsets  in  aerospace  titedieine  are  usually  not 
well  de.seiibed.  M;iny  ditigtiostie  subsets  iii 
clinical  itiedieine  are  based  npiai  the  symptomatte 
stitle,  tmule  i>l' presenltition,  ,uid  rtile  of 
progression  of  the  ititderlyiitg  disciise.  I'hese 
nitirkers  iiiv  ahsetil  In  the  asyitiplomatie  suhieel, 
Usually,  there  ttre  ahundatil  otileoine  data  lot  the 
eomttion  sympioitiatie  iliseases.  Outeottie  dttia 
for  asyttiplomitlie  disorders  in  tiirerew  eoiilinues 
to  he  sparse.  The  gotil  itteliiiieal  ittedieiite  is  to 
tliagnose  and  lieal.  '!  he  gotil  in  eliiiieal  tierospaee 
niedieiiie  is  lo  prove  the  aircrew  memher  stile  (o 
riy,  orien  rei|tiiring  us  to  speinl  exleiisive 
resoiirees  lo  delahel  aireiew  memhers  whose 
ilitigiioslie  lesliiig  is  ei.'iisislenl  with  a  tiiseasc 
process,  hi  geitchil.  ilie  endpoint  in  aerospace 
metlieine  is  lo  I'ly  or  not  lly.  'Hie  einlpoinl  in 
elinietil  titedieine  is  to  iretil  or  not  iietil.  In 
elmieal  medicine,  especially  in  the  palienl  who  is 
not  tieulely  ill.  we  rrei|lienily  have  the  lu.stiry  of 
making  repealerl  ohservalions,  and  ol'len  ilei’erring 
iliagnoslie  ileeisions  until  the  tli.sea.se  process  has 
lolly  deeltired  ilsell.  hi  .lero.sptiee  iitetlieiiie,  we 
ate  viriLitillv  tiKvtiys  required  lo  make  a  tleeisitin. 
usiiiilly  with  some  uigeiiey.  In  the  e'iiiieal  ptuieni 
who  is  not  tieulely  ill.  there  is  usiitillv  no  peutilit 
I'or  eiitpirieism,  trial  ttiid  eriDr,  tiiid  tlitigiiosiie 
eonserviiiisiii.  In  elinietil  iiiedieiiie.  we  are  rarely 
pliieetl  in  an  "all  or  none"  siliiation  early  in  the 
course  ol'lhe  disease.  Beeaiise  of  the 
implietitions  t>r  niissittii  retidine-ss.  Hying  stireiy, 
ami  iinptiel  on  Ihe  airerew  niemher's  eiiieer, 
elinietil  ileeisions  in  iie'ros|)tiee  iiicilieine  have 


immediate  and  suh.siuniial  impact.  .Snrveilltinee 
and  relesling  in  clinical  inedieine  arc  dielale'd  by 
the  elinietil  eonslellution.  .Surveillaneo  and 
relesling  oITtoih  healthy  airerew  mctnl'ers  and 
tliosc  wiili  waivcivd  disortlers  is  l'rei|iienl. 
c.viensivc.  and  cx|Kn.sivc.  Tlie  piiysiologieal 
basis  of  elinietil  decisions  is  usually  well 
underslood,  wliile  nuiltiple  inrormtilion  voids  in 
the  area  of  physiology  eoniinue  lo  exist  in  the 
aerospace  environment,  espceially  in  Ihe  tireti  of 
high  ix'iformaiiee  flying  In  elinietil  meilieine.  ti 
W'lile  variely  ol  piiarmaediogieal  llierapies  are 
tivailahle.  haseil  upon  voluminous  iltilti  tiiid 
multiple  elinietil  Inals.  In  aerosapee  medicine, 
the  available  ehoiee  of  drugs  is  e|iiile  i.'onsli  ieleil. 
and  few  duels  have  been  ri.gorously  lev.led  for  Ihe 
aviation  environment.  In  die  sick  ptilienl 
environmenl.  elinii  al  tleeisions  are  mtide  by  tuie 
physielan,  ora  veiw  few  physicians.  In  iierosptiee 
meelie  ine.  a  lar  Itirgei  lunnber  of  elinie  ians. 
adimnisirtiiors.  tind  review  aulhorilies  are 
mvoKvd  in  Ihe  decision  iniikmg  pnieess.  I’nielv 
elinietil  ileeisions  are  usually  made  wiln  rinahiv 
by  Ihe  altending  physieian  in  Ihe  eonlempoiai  v 
cliitieal  enviroiimeui.  In  aerospaev  meilieine. 
virlually  eveiyone  below  Ihe  level  of  ihe  fintil 
waieer  tiulhoriiy  only  mtikes  reeonimendiilions. 

Ill  elinietil  meelieine.  Ihe  economic  ami  lil'eslyle 
iniptiel  of  mild  diseases  is  lree|iienily  miiiimal. 
l-or  e.xtimple.  Ihe  Iretilmenl  of  mild  io  moderiile 
hypeileilsion  etin  tisutilly  ho  iiceoniplished  wilh 
minimal  mipael  on  the  ivpictil  elinietil  ptilienl. 
especially  given  die  wiile  varielv  of 
tinlihyperlensive  (liertipies  tivailahle.  I'tiihiic  of 
hyperlension  in  die  airerew  to  •.espoml  lo  ti 
liniileil  nuinher  of  agents  usutilly  lesnlis  in  a 
major  career  upheaval.  In  the  r.ire  eirenmslanees 
wherein  asymplomalic  eorontiry  ailery  di.sease  is 
ilefuied  in  a  iionavitilor.  life  usuiidy  goes  on 
unimpeded,  l-or  the  aiierew  memher.  more  than 
minimal  di.sease  is  disqniihfylng  for  all  ealegories 
of  living,  tmd  any  degree  of  disease  is  usually 
disqualifying  for  high  perfoiintinee  flying.  In 
elinietil  inedieine,  oui  decisions  are  oilen  driven 
by  ihe  ilesires  and  washes  olThe  palienl. 
Regreltahly,  such  faeioi  s  often  etiniiol  he 
considered  in  the  praeliee  ol  oeeiipaliontil 
medicine. 

Based  upon  all  of  these  foregoing  eonsideriilions, 
eliiiieal  decision  making  in  aere.spaee  inedieine  is 
vastly  differem  front  eometiiporary  praeliee. 
I’erhiips  It  w'ould  he  helpful  lo  review,  in  a 
qutiiniltilive  sense,  llie  disparale  utility  of  each  of 
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ilioso  I'iifiors  ill  iiv’iDspiicc  incdii'iiio  conipiuoil  lo 
dill. till  iiieillcinc.  ('ruble  Nu, 


I  .ilik  No  ASSICINlNd  ARBITRARY  VAI  .UliS  H)  l  lll-. 

COMPONliN  rS  Ob'  AHUOSPAci.  MliDK'INU  AND  Dl-X'ISION  MAKINCI 


I  =  l.eiist  I'iivoiiiblc,  lowcsl  uliliiy 
1  =  l,cs^  lavonibk'.  Imvcr  uliliiy 

3  =  I'iivoralilc.  moilcralc  uliliiy 

4  -  More  I'avorablo.  Iiiplicr  uliliiy 
.“i  —  Mosi  lavoiable.  hijiliesi  uliliiy 


A  seme  ol  I  repre'seiils  llie  leasi  I'avoiable 
eiiviimsiaiKcs,  aiui  ihe  Inwesi  elinieal  iiiilily  ol 
llie  laelor.  A  sente  ol'  S  iiuiieales  a  veiy  lavoralile 
I'aelni- of  liipli  uliliiy,  I  liave  aibiiiaiily  asslpiieil 
Ibe  seines,  baseil  iipim  my  own  views  aiiJ 


e.xpei  icuecs.  Tlieic  is  no  I'aeloi  iu  Ibe  acrospaee 
meilieiiie  cleeisiou  uiakiup  proee.ss  wbieb  I  uoiikl 
seoie  liiuliei'  llian  2.  anil  only  one  I'acior  in  elinieal 
uu'ilieine  wliieli  I  woulil  seore  lower  iban  4. 
l  i  able  No.  4). 


I'able  No,  4  i •OMI’AkI.SON  ( >1'  ARlil  l  RAR Y  V.M.UHS  IN 

AlvL^2)S!.‘Ak'luVU;2Jl.nNb;,.l)i'(:!Sl,()N  MA.KlNli 


Aerosiia.i'i'  Meilie  i  iie 

('linieal  Slaie  I 

NaUiial  I  lislory  I  )ala  2 

I’levaleiiee  ol'Siispeele'l  I 

I  )i.soi'dei 

I’leilielive  Value  ol  I 

I  )iaj.’.noslie  leMs 

Disesae  Subsels  Delineil  2 

Ouleome  Uala  2 

Deeision  Cioals  2 

I  )eei.siou  liiul  I'oilil  2 

Rei|iiiieiiienl  lo  Make  a  2 

Deeision 

Inipael  of  llie'  Deeision  2 

.Siineillaiiee  aiiil  Kelesllnj;  I 

I’hysiologieal  liasis  ol'  2 

I  )eeisions 

!’tiarniaeolo;;ieal  Dala  I 

Niiniber  ol  I X'eisiou  2 

Makers 

lieoiioiiiie.  I  ale  2 

(.'iivuinslaiiees  linpael  on 
llie  I’alieiil 

Desires  anil  ^\  islies  ol  llie  I 

RalienI 

■JOrADS  2() 


(linieal^eilieuie 

,4 

4 

I 

4 

,s 

4 

4 

4 

,S 

4 

<i 

a 

,s 

4 


,1 

70 

I  hope  llial  Ibis  arbilrary  seale  will  poini  oul  ibe 
very  ailvaiilajieoiis  eireuiuslanees  Irom  wbieb  Ibe 
Usual  elinieian  operalcs  lu  Ibe  siek  palieni 
enviroumeni.  while  unileiseonnp  ibe  relalively 
weak  ami  veslrieleil  eireunislauees  Iroiii  w-bieb  Ibe 
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iicrosp;icc  medicine  spccialisi  i)|x;nilcs.  l)y 
almost  any  slundurd.  clinical  practice  is 
conducted  upon  a  much  more  robust  roundalioji 
than  is  aerospace  medical  pniclice. 

Some  of  these  disadvantageous  aspects  of 
aerospace  medical  practice  are  immutahle,  and 
unlikely  to  change.  iTable  No.  .S) 

Table  No.  S  fiNTAVt fRABI.I-  ATTR I lUITliS 
Ob  AnRo.sMn-:  mitmcini-:  ni icisioN 

MAKINC;  tINl.lKb.I.Y  TO  CilANCil-:.  OR  l.l-iSS 
AMENABLLTOC1IANG1-: 

1.  Clinical  state 

2.  Prevalence  of  stispecteil  di.sorder 
.^.  Predictive  values  reduced  m 

asymptomtilic  flow  prevalencci 
poptdations 
4.  riy  or  not  fly 

■S.  Requirement  to  make  a  riccision 
(>.  Impact  of  the  decisimi 

7.  Number  of  decision  makers 

8.  lieoiuimic.  hfe  circimistaiices  impact  on 
the  patient 

4.  Desires  and  wishes  of  (he  patient 

llowevei.  we  can  focus  on  some  aspects  of 
aerospace  mcilicinc  decision  making  which  can 
actually  be  altererl,  (Tabic  No,  b) 

Table  No.  (i  VINI-AVORAIil,,!'  ATTKIBUTIsS 
Ob’ Al-KOSPAC'i;  Mb.DICINI-; 
DliCISION  MAKING  WljK'll  AlUi 
AMENAULli  TO  CHANGE 

I.  Natural  history  ilata 
2..T  Prevaleiice/predietive  values 

-  Laws  of  bioslatistics  will  not  be 
repealed,  but  stratificaiion  to  increase 
pretest  probability  of  di.setise  is  a  much 
needed  and  useful  strategy 
4.  Disease  subsets  identified 
.“i.  Outcome  data 

6.  .Surveillance  and  retesting 

7.  Physiological  basis  of  decisions 

8.  Phai  rnacological  ihila 

Here,  we  have  distillcal  down  the  list  to  a  nuinhc' 
of  concrete  factors  which  can  actually  he  changed 
or  influenced,  if  we  are  to  improve  clinical 
decision  making  in  aerospace  medicine,  thew 
areas  represent  the  greatest  targets  of  oppo-  tunity. 
As  you  will  note,  much  olThe  needed  change,  is  in 


areas  which  revolve  around  data,  aieas  in  which 
we  can  truly  influence  Ihe  decision  making 
process— natural  history,  stratification,  outcome, 
subsets,  physiologic  ilal.i.  aiul  pharmacological 
data. 

VVe  have  made  great  strides  in  physical  siamkiids. 
hut  we  must  conclude  that  for  the  most  part  the 
data  base  i;i  aerospace  medicine  is  incomplete, 
and  is  not  yet  built  on  a  systematic  knowledge 
base. 

.Since  1  am  a  cardiovascular  speciali.st.  please 
alUrw  me  to  move  to  iny  area  of  interest  in  onler 
to  demonstrate  the  profound  impact  ol 
technological  iidvances  on  iiircrew  sttindtinls 
research.  (  Table  No.  7) 

fable  No.  7  IMPACT  Ol-  NTAV  TI-X'llNOltKiY 
ON  AlRCRl-iW 
S  TANDARDS  RU-SfiARCH 

-  l\vo  dimensional,  color  t)opplcr 
ecnocardiography 

'  Tre  esophageal  echocarriiography 
I niriicoroiiary  ultrasound 

-  Iniracoronary  angiosetrpy 

-  I  Mtra  fast  ("T  for  coronary  calcification 

-  Multiple  gated  acquisition  scans  ■ 
technetium 

-  Thallium  scinligiaphy 

-  Seslamibi  scans  and  first  pass  studies 

-  Dipyrid.mu>le,  Adenosine  studies 

-  Tull  disclo.surc  Holler  monitoring 

■  RtiiliolVequency  tiblalion 

-  I  IDl.  and  apolipopiotein  subfraclions 

■  Peiculaneous  coronary  dilatation 
Percutaneous  ettronary  alherectonty 
Digital  subtraction  angiography 
Magnetic  resonance  imaging 

-  Positron  emission  lonmgraphy 

-  Single  photon  emission  thallium 
toiiKigi  aphy 

Tnese  technologies  weie  not  available  in  1074, 
and  yet  we  are  using  them  daily  In  both  clinical 
anil  occupational  medicine.  Any  cartliovasculai 
na.ural  history  study  of  icsymptomalic  persons 
started  in  the  la.sl  2.‘i  years  has  been  proftHiudly 
affected  by  these  technological  advances.  As  the 
anatomy  and  physiology  of  the  cardiovascular 
system  aie  more  clearly  ilelinealed.  new  suIist-Is 
oftlisea.se  and  new  eategories  of  diagnostic 
precision  have  Ixien  addctl.  As  the  nomenclature 
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of  cardiovascular  disease  expands  lo  include 
dozens  of  new  cardioniyopatliies,  conduction 
diseases,  and  coronary  disease  variants,  onr 
precepts  about  asyinptonititic  cardiovasculai 
disease  in  aircrew  must  change  also.  Irs.senlially. 
this  means  that  the  task  of  aircrew'  standards 
research,  ineluding  natural  history  studies,  is 
never  l  inished,  even  lor  disease:-  which  we  have 
known  .so  well,  because  ol'  both  greater  diagiuistic 
power  and  the  demands  ol'  steadily  evolving 
iveapons  systems. 

liiilike  clinical  praeliee.  aerospace  medicine 
practice  is  eonsiraiiied  by  physical  standards.  We 
must  view  the  standards  as  the  governor,  which 
ret|uires  us  to  make  the  same  decision  die  same 
way  each  time  until  we  have  learned  and  acijuired 
enough  inrormalion  to  make  the  oecision 
dilTereiitly.  I’liysical  standards  shoiihl  not 
neeessariiv  be  revered  lor  llieii  inliereni  wisdom, 
since  wisdom  may  not  be  in  abundance,  bill,  the 
physical  standards  are  the  indispeiisible  riccision 
rules  wliieii  make  air  .standards  researeli  (lossible. 
Data  which  are  not  gathereil  in  a  syslemalic 
lashion  cannot  be  audited.  Decision  rules  which 
ilo  not  exist  cannot  be  cliangeil.  Since  the  "riglit 
decision"  is  orien  acosmic  unknown,  it  is  I'ai 
more  importani  to  make  the  tiecision  the  s.ime 
way  eiieli  lime  lhan  it  is  lo  make  the  "right" 
decision.  'I'hose  who  are  in  control  of 
acromedical  waivers  in  Ihe  ap[ilicalion  of  physical 
sumdaids  are  in  crilical  posilions,  wlielher  lliey 
realize  ii  or  nol.  heeause  aircrew  sumdards 
I'c.seai'ch  is  heavily  depeiKleia  upon  the  clinical 
decision  makers.  If  ihc  decision  makers  erealc  no 
malrix,  ito  atulilable  irtiil,  and  luiilecisioii  rtiles 
which  can  he  (irospectively  tested,  llieii  the 
evolution  of  acromedical  standards  becomes 
simply  a  process  of  visceral  opinion.  Such 
opinions  are  usually  iticonslantly  applied,  from 
wliicli  we  can  learn  very  little.  'I'here  are  aclually 
ureas  of  aerospace  metlicine  wherein  the  world's 
great  minds  and  the  nol  so  great  arc  com|ilclely 
equal.  It  requires  great  professional  and  personal 
maturity,  as  the  ilecisioii  maker,  lo  conform  lo 
decision  rules.  Physicians  do  nol  hecoine 
physicians  lo  do  oilier  than  to  make  iiidividuiil 
dccisitins  and  accept  personal  responsihilily.  On 
the  other  hand,  aircrew  standards  re.search  is  best 
suited  for  ill'  physician  who  can  posiponc 
gralification.  since  many  long-lerm  aircrew 
studies  will  come  to  frtiilion  during  someone 
else's  prole  .sioiial  life  time.  It  requires  greal 
maturily  for  physicians  lo  openly  admit 


ignoranc-.'.  especially  In  aircrew  siaiuiards.  w  here 
expert  opinions  and  insiMiii  experts  abouiu!. 

1  his  grid.  ( I'ahlc  8.‘))  called  Ihe  Canliovasciilar 
Decision  Ch  id,  which  was  formulaled  by  my 
former  colleagues  at  the  llSAl-  Sciiool  of 
Aerospace  Medicine.  C'linical  Sciences  Division, 
is  aclually  a  lacil  admission  of  great  ignorance. 

Bui,  Ihe  grid  is  also  the  decision  aid  which 
assures  lhal  Ihousands  ofcaRliovascular  cases  in 
aircrew  members  can  be  audiled  for  oulcomc 
since  like  cases  require  like  decisions.  In  any 
acromedical  cenier  where  large  numbers  of  cases 
arc  seen,  and  especially  in  niililary  cenlers  where 
the  professional  staff  chtinges  regulai  ly,  very 
iliffcrcnl  decisions  may  icsiill  from  identical  tial  i. 
Waiver  tiecisions  become  subjociive  when  hisioiy 
is  not  rocoided,  and  Ihere  is  no  insliliilional 
incmoiy.  Decision  rules  require  us  lo  do  our 
tollcclive  llunking  well  in  advance  for  commonly 
cvnitialcd  problems.  .Such  decision  rules,  inatle 
calmly  aiul  dispassionately,  with  our  bcsl 
(iiulcrsuinding  at  that  liiuc.  arc  iiivarialily  more 
fair,  more  uniform,  and  more  iulcMigcnl  Ihaii 
decisions  made  on  a  "one  each"  basis.  1  he  worst 
possible  lime  lo  make  new  policy  is  w  hen  Ihc 
ticcisions  are  driven  by  a  curreni  case,  w'ith  all  of 
Ihe  allcndanl  pressures,  cinolional  tiurcss.  anil 
luimiin  insiicis  wliicli  .surrouiul  decisions 
regarding  a  prorc.ssional  avialor's  career.  We  me, 
arierall,  only  luimaii.  Decision  rules  may  be 
iirbitraiy.  but  wc  shouhl  never  apologize  lor  being 
arbilraiy  when  we  are  following  a  sysieiii  lo 
acquire  knowledge.  We  shouhl,  Itowever.  make 
apologies  if  our  degree  of  ignorance  is  uiichiinged 
l()  years  from  now,  because  this  wtuihi  mean  lhal 
we  would  iiol  have  served  die  aviator  as  well  as 
we  might  have.  A  similar  decision  grid  exists  lor 
nourologicul  and  psychialiic  cirscs  al  USAI'.SAM. 
Areas  wliicli  are  heavily  de|x;udcni  upon  luidtiplc 
diagnosiie  testing  arc  very  amenable  lo  ilie  use  of 
a  grid.  1  iveryoiie  who  uses  a  grid  :,liouhl  be 
aware  lhal  some  cases  simply  do  not  fit  ihc 
decision  rules.  In  any  decision  rule  systciu,  Ihcre 
is  still  plenty  of  laliliidc  for  iunovalivc  llunking. 
We  need  decision  rules,  but  mi  syslem  c:in 
foresee  every  circumslaiice  in  every  aviaUir.  Karl 
Jung  made  an  elegaiU  slalemenl  about  the 
uuii|uenc.ss  of  each  iiulividual.  I'be  evoluliou  of 
every  deeisioii  rule  syslem  should  esUiblisli  as  Ihe 
ullimale  goal  the  decision  besl  suited  for  ll.e 
individual:  "  Tlie  slux;  lhal  Ills  one  person  pinches 
another,  riicre  is  no  recipe  for  living  lhal  suits  all 
cases.  I  ach  of  us  carries  I, is  own  life  form  which 
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uaiinot  ho  siiporsctlod  by  any  (Hhor."  (Karl  Jiing) 
Wilhoul  a  (icoision  rule  approaoli  to  acrumoiiioai 
.sUiiidariis,  large  gom’i  io  opii’.iiin  rules  will  place 
the  indivitlual  at  far  greater  ilisadvtiiuage  than  a 
very  luiiture  decision  grid  which  contains  as  many 
alternatives  as  |iossiblc.  The  airercw.s  will  not 
heiiclit  front  .iJvaiicing  physical  standards  if  we 
prelend  to  a  wisdom  which  docs  not  exist  in  place 
of  a  system  to  act|nire  wisdom. 
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As  \vc  look  Ibi  ways  lo  iiiiprovi.'  aiMospaLC 
iiiciiiciiK'  ilL'cisioji  making,  ww  iiiusi  riwiis 
pliysiL'al  sUiiiiiaiils  jcscaicli  on  iIil'  iiKw  italik- 
inibi nialiiM)  voids  in  ai'mspaa:  incdicinL'  wlikdi 
inosi  dirvclly  alTsvi  t  linical  dcL'isioii  iiiakinp,, 
(Tahlv  No.  1 0) 

'I'alili-No.  10  Till-  INI'ORMATION  VOlIXS 

-  Naliiral  liisloiy  suidivs 

Mvrpinp  ol' medical  cpidciniolc'pical  ilala  and 
riiplil  salcly/liaininp  dala 
I’livsiolopical  dala  on  siiliclinical  pioccssi  s 
in  airticw 

The  picalcs!  iidonnalion  voids  .ire  in  nalnial 
llisloi  v  sliidics  ol  asYliipioiiialie  disoideis.  die 
meri<inpol  medical  epidemiological  dala  willi 
riiplil  salely  and  Irainiiig  dala.  and  pliysiolopie 
dala  on  siilielinieal  processes  in  aiierew  I  .el  ns 
locus  I'or  a  inoineni  on  die  pliysiolopieal  data 
iidoi  Mialioii  void.  ■riiroii|;lioul  die  NA  TO  air 
rorces,  our  plivsiolopisis  have  made  iiieredilile 
sirides  ill  die  areas  ol'  aereieralioii  and  liijdi 
allilmle  piolcelioii,  as  well  as  diernial  aiiil 
eliemieal  |iroleelion.  In  die  area  ok eardiovaseiilar 
waivers  alone.  W'e  caiinol  eomplelely  sedU'  issues 
icpariliin;  asyinpi-iiiialie  ariiiyllnnias.  iiiiUI 
valiidar  disease,  ami  asynipUiinade  enronary 
arlery  disease  rroni  an  epkleniiolo>deal  and 
naliiral  liisloiv  .slandpoinl  alone.  VVe  are  sleadily 
proving  dial  many  ok  these  disorders  are 
eomplelely  einnpalilde  w  illi  llyiiij!  in  leriiis  ok 
nauiriil  liisiory  onleonie,  hnl  whai  alioiii  die 
ekkeels  ok  I  i  1/  as  wa  II  as 
,11111  -j'laviiv/llieniial/eheiineal  pi'oleclive 
ei|nipiiieiil  on  die  iiiuierlyini;  disorder'.’  We 
elniiciaiis  ill  aei'os|iiiee  niedienie  niiisi  presenl  oiir 
eolleapnes  in  physiolop.y  with  well  ihoii'dil  onl 
i|lieslions  ahiiiil  siihelinieal  disorders,  helievinp 

l  ahle  No.  \1 


dial  expel  iii.eiilal  models  can  he  eiealed  lo 
aiklie.ss  die  ivlovani  clinical  t|Ueslioiis. 

l  ahle.  No.  I  I  MANY  nil-l  KM  d.T  Cl -INK  AI , 

i.s.si  dcs  AKik  A  niki-;cr  liiisid.r  oi-  I’ooii 
-sid.ix  rioN 

Conpeiiilal  iliseases 
I’eisonalily  disorders 
kisk  lacloi-s 
I'ooi  niolivalioii 
rsyelioinoior  skills 

Vl-;r,  MO.STCl.lNICAI.  A  l  rikN'i'IDN  kS 
lOCki.SliDON  AlkCRlkW  K1  i  I'l iN'I'U  )N. 

I  he  j’leal  iiiajorily  ol  mir  research  in  clinical 
aeiospace  inedicine  has  heen  speiu  on  die 
relenlion  ol  e.sperienced  pilols.  Very  lew 
onleonie  siiidies  exist,  lor  any  body  syslein.  in  die 
area  ok  pilol  seleelion  We  have  e.xleilsive 
seleclion  haderies.  Inn  lew  ol'dieiii  have  been 
tested  111  a  loiipiliuliiial  lashioii.  Many  liikkinili 
elinieal  issues  in  die  trained  avialor  are  a  diivel 
resnll  ok  poor  seleelion.  We  miisl  koens  piealer 
.iileniion  on  seleelion  researeh.  kornmialin)’.  a 
seleelion  sysleni  whieli  ean  he  aiuliled  loi 
onleoines  ok  inleresi. 

I  able  No.  I J  oullmes  die  salieni  diklerenees 
helween  seleelion  anti  leteniioii  leseareh. 

Kelenlion  researeh  has  largely  tloniiiialed  die 
laiulseape.  anil  yel  seleelion  ivseaivh  is  die 
siinplesl.  tjiiit  kesi,  least  e.vpensive.  ami  more 
ekieelive  leseaieh  in  leriiis  ol  lelmn  on 
iiivesinienl.  In  a  peiiinl  ol  tieelimn;;  hinhiels  ami 
prealer  emphasis  on  resoiiree  manapemeiil. 
seleelion  research  oilers  the  prealesl  reUirii  on  die 
invesimeni  ol  seaive  kmuls 


hli!..ld;Tl()N  .VS._K|d  l;NJJ(  )N  KPSliAKCll 

Ulkl  l-.N  kU.'N 
I  .oil;;  dmalion 
Very  eosdv 
Small  ilemnniiialor 
lisiuilly  low  power 
li.xpensive  waivei  syslem 
Retains  a  valuable  lesoiiive  loi  a  hriel 
nerkiil 


SId.lddItiN 
Relatively  shorl  dnralioii 
Relalively  inexpensive 
I  .arpe  ilenominahir 
( ileal  slalislieal  powei 
( 'osi  savinps  iimnediale 
I’reveiils  iraminj;  kiw  invesinieni  resoinve 
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Tuhic  No.  1.^  THHCiRl'Ani-S'I'  Nlil'D.S  Ol'  rHIi  Al'UO.SPAC  H  MI-DlflNl- f I.INIC'IAN  IN 
SliLUCT  I  ( )N  A.NJ2R!iTLi.NTlQN 

1 .  Oulaiiiii:  inroj'iiiiiiioii  (colaclors  uiul  oiulpoliils  on  iiainccs 

2.  A  viil'  lined  eoi'oiiiiry  disease  diseovery  sysiem  ha.setl  ii|uiii 
slinlilied  lesliii}! 

.V  +(i/  elTiel  on  siihelinieal  eardiovaseidar  disorders 


liased  upon  my  ohseivalions.  I  believe  tlial  Ihe 
grealesi  needs  of  llie  iierospaee  iiiedieine  elinieian 
In  Ihe  mmpliannacolopieal  arena  are  in  llie  area  ol 
seleelion  oiiieoiiies  lor  all  body  sysieins,  a 
slralilied  eoroiiaiy  disease  diseovery  syslein  in 
liained  airerew,  and  die  elleel  ol  +CI/  ai  eeleralion 
on  siihelinieal  eaiiliovaseiilar  disorders.  (  Table 
No  I.M 


C'ardiovasenlai  problems  eoiislilule  between  .sd'.'i 
and  (ib'/e  oTall  relenlion  eases,  bin  psyeliialrie. 
opinlialmologieal.  and  neiiroloeieal  eases  eonid 
easily  be  j.'iven  liifih  prioriiy. 

Tlie  mission  oT  ACiAKl)  is  broad  and  sve  have  all 
been  expo.sed  lo  the  mission  .aaleinenl.  (  Table 
No.  14) 

I’erlnips  die  Tonndadoii  Tor  researeli  eoo|H'iauon 
ill  ACIAKl)  will  (live  li.se  (o  new  oppoiiiinilie'. 

No  NA'Ti )  member  Inis  die  resoiiiees  lo  aetively 
pursue  all  areas  oT  aerospace  niedieiiie  re.seaieli. 
.^^d.  no  member  eiirreiidy  has  die  denomiiiaior  to 
aiiswei  all  oTdie  relevant  i|iieslioiis.  Is  it  possible 


dial  ACiAUI)  ean  move  beyond  Ihe  sjionsorin;;  ol 
sn|K’rb  symposia,  move  beyond  die  proiluelion  oT 
erudile  position  papeiM.  and  move  beyond  Ihe 
shill  in;;  oT  researeli  produels?  Is  ii  |iossihle  lor 
AtiARl)  lo  heeoine  a  driving  biree  in  die  ereation 
oTdala  by  sponsoriiij;  seleeled  iiiiillinalioiial 
iiiivrew  slaiidards  researeli  projeels.  rallier  than 
se' vinp  solely  as  ii  eonduil  of  iiiroiniiilion  and  a 
sponsor  oT  position  papers?  IT  die  AMP  had  not 
done  siieh  a  .'.pleiidid  job  as  a  leehiiieal  advisorv 
2Uiiup  and  ediiealioiiai  orpiini/aiioii.  no  one  would 
eonleiiipliile  iirpiiip  lliis  oifiani/alioii  lo  widen  its 
hori/oiis.  Hill,  e.seelleiiee  has  ils  rewards,  and  in 
some  ways  ils  Inirdens. 

When  an  orpaiii/alion  has  sponsored  eseellent 
seienee  in  an  almosphe'e  oT  Tellowship.  it  iillrnels 
many  men  and  women  widi  dreiniis  and  visions. 
And  now.  die  AMP  has  many  oToiir  hopes  lidi.  p 
on  ils  slioi.lders.  No  one  is  suj’pe.siiii);  llial 
AC  lARl  >  ehanj'.e  ils  eliarler.  hul  sve  miisl 
leeopiii/e  dull  die  AMP  is  in  a  unniiie  position  lo 
spoiisoi  line  nnilliniilioiial  researeli  projeels  with 
pooled  dain  in  a  nmiiher  oreiiieriilly  seleeled 


TahleNo.  bl  'Tl  Hi  MhS.SK )N  OP  AC iAKU 

Aeeoidiiip  lo  ils  C  'liink'i.  Ihe  mission  ol  ACiAKO  is  lo  hrinp  lupelher  ihe 
leiiilinp  personidilies  oT  die  NA'TC )  Millions  in  die  lields  oT .seienee  and 
leehnolopy  reliidiiy  lo  iierospaee  Tor  die  Tollowiiij!  purposes: 

Reeoinmeiiilinji  eTIeelive  ways  Tor  die  meiiiher  iiiilioiis  lo  use  Iheir  researeli  and  developmenl 
eapahililies  Tor  die  eonnnoii  henelil  ol  (he  NA  TO  eomimmiiyi 

Providing  seieiiliTie  and  Icehnieid  adviee  and  assislimee  lo  die  Mihliiry  C'ommillee  in  Ihe  Held 
ol  Iierospaee  reseiiivii  iiiid  developmenl  lailh  pailieiilai  repaid  lo  ils  mililaiy  applleiilioii); 
t'oiiliimoiisly  sliimiliilinp.  inlvaiiees  in  the  aerospaee  seienees  relevani  lo  slivnylheninp  die 
eomiiioii  deTeiiee  posliire; 

Improvinj;  die  eo  operalion  iimoiij;  meiiiher  nalions  in  iierospaee  leseaieh  and  developiiieiil; 
li.xeliiiiipe  of  seiendlie  and  leehiiieal  iiiTormalioir. 

Providing  iissislimec  lo  inemhei  nalions  Toi  Ihe  purpose  oT  iiieieasinp.  iheir  seiendlie  and 
icehnieiil  polenliiil; 

■  lienderinp  seienlilie  and  leelinieiil  ussislanee,  as  reijnesled.  lo  oilier  NA  TO  hodies  and  lo 
meiiil'.er  nalions  in  eoniieelion  willi  reseaieli  and  developmenl  problems  in  ihe  aerospiiee  Held. 


I'alilc  No.  l.S 


T.l  U:  AUARI?  on’ORTtlNniY 


l  ake  ailvanlaiie  ol  llic  ilciioiiiiiKUoi  olk'ivil  by  the  NA  TO  aiivicw 
po|nilalioii 

i'ostcr  euopcralivL’  lon>;  term  rcscaivh  m  aiiacw  standanls 
l  aicoiiiagc  and  puunolo  basis  sciciiLOs  rcscaich  which  adihcsscs 
iiiloinialion  voids  in  clinical  aerospace  medicine 


projecls,  li  lioes  not  mailer  if  il  lakes  a  perioil  ol 
learning  lo  liave  such  projecls,  Ihe  rewards  are 
poleiuially  enormous.  Why  should  \vc  make  our 
decisions  aboul  hcail  injury,  lor  c.saniplc,  a 
common  aeromedic  il  problem,  baserl  upon  a 
series  ol' palienis  I'rom  Univcrsiiy  "A"  or  llospilal 
"li"  ,  lolally  unlike  an  aircrew  populalion?  Wliy 
should  Ihe  avialion  coinnuiniiy  nol  he  readinj.'  ihe 
"N.ATO  Ilearl  Injui  Y  Sualy''--a  eollahoralive 
sillily  ol'  .“ilX)  aviators  w  ith  slaiulardi/ed  I'ollowup 
in  an  ACiARl)  sponsored  sluily'.’  NATO  has  the 
laleni  and  the  clinical  deiiominalor  lo  do  il.  The 
issues  aic  loo  impoi  lanl  nol  lo  do  ii.  'Hie 
AtlAUI)  opporluniiy  is  ouilined  in'l'ahle  No.  1‘i. 


AUARO  has  an  c.pporlimily  lo  eapilali/.e  on  a 
huge  deiiominalor.  producing  dala  ol'  greal 
inicresl  oiiiside  aeroniedieal  circles.  'I'he 
Iransilional  value  of  such  dala  lo  Ihe  civilian 
coinnumily  is  a  hencl'il  which  will  nol  go 
unnolicc'd  by  those  who  are  .seeking  the  relevance 
ol  iiiililary  research  anil  developmeni  lo  the 
civilian  seeior.  Our  basic  scienlisls  should  he 
challenged  lo  deal  with  Ihe  concerns  ol'clinicians 
aboul  low  grade  iliscases. 

1  iguie  No.  I  is  a  simple  sehcina  loi  NA  TO  drug 
lesiing. 


I'lgure  No. 


AMI’ 


I'oN.si'.N.sihs  l’Klokl^^'  l  uK  Ni:w 
AlUCRliW  DRUC;  lNV|:s  ri(lAT10N,S 


I 


c. 

CARDIAC 

d 


CANDIDA  l'i  ;  DkCd 


Rld’OK'l'  ro  AC.ARD 


nil;  AOARDCKikAl’ll 


W  l!\  ill'  I  aiUoi'.iic  iIk'  AMI’  .1^  llii-  I'liiiiilin.ilni  m 
imillll'k-  (.'I'lltl'ls  111  CMl'IlciRV  III  pll.lllll.UnlliL'H 
ICMMIvIl  III  V|H'l  illl-  llllil\  '.wklll''.  «illl  llliullll.lll- 
iliii;;'.  hi'inj;  i'\alii,ik'il  in  |':ii.illi.-l  iii  iniiliipk' 
iL'iiii'n  ’  liiiiipiiip  ik'U  limps  111  lln.'  riiplil  liiK'  IS 
oiiiin  inp  .11  pku  inl  spiviK  kii  Um  slim  m  im  i-i 
Iho  ciiK'ipiiip  iii'i'ils  liii  lipiil  limi'iiiip  limps, 
iinlihypi'ilcnsiw's  anliiii;il;n niK.  .mil  im .uli.m 
iliylliiii  limps.  Ill  iruMiliiiii  lull  ,i  k’U.  l.\i.-i\ 

N.M'C)  iiii'inl'i'r  has  pluimiiiL'ii|ii"ii.'iil  hums  nl 
cMclk-iii'i-'  lu  iiiiipiivsiiiliipy  III  line  mnnliy. 

I'.ii iliiu ;isi iikii  in  niinllk'i.  luiiiKin  pei liimi.inn-  in 
.innllii'i.  nil I'ki .iliiin  ill  nili'lhi'i.  .mil  sn  Inilli.  ,\1 
USAl  .S.\M  will'll  I  li'il  .iilink'nl  iliiisinn  nl  IS'. 
pi'isniiiii'l.  Ihi'  piiri'k  i  liim  uJ  I'MilnnIiiiii  nl  ;i  iliii.;' 
ivilii Ill'll  ilii'  lull  ilivision  siiviipili  iin  :ii  k  .isi  sis 
inniillls.  ivliii  li.  Ill  i  iini  SI',  ynii  i  niilil  lii'N  i  r  iln 
Sn.  nil  nulls  uiriu'il  iiiln  lenis.  H  e.ii  |i  nl  sisiinl 
11. limns  liml  spi-i  ilu  nie.is  nl  I'sci'lk'Hii'. 

I'liniliilnti'  ill  ups.  ili'i'lik'il  lipnii  I'N  n  i  nnsi'iisiis  nl 
IMirkllll'  llllllll  sllll'l'i'lls.  I  illllll  111'  slllilli'il  III 

pnr.ilk'l.  W'llli  pii'nl  I'l'niliiiiiy  .mil  'npiil  n  siilis 
U't'  nil'  Inllinp  Inillii'i  lirliiiiil  in  nr\i  niiil  nkliliiip 
li'sunp.  .Si'ii'iilisis  iliiiius'lnnil  N,\  I  ( )  ulin  w  isli  to 
ill!  I'piik'iniiiliipii  nl.  pli.ii  iiini'iilni'ii'nl.  i  liiiii  .il  m 
linsii'  ii'si'ini'li  in  n  I'nllnlnii.Uiii'  Insliinii  lu'i'il 
spiiiisiiisliip  mill  .1  liiiiiin.  whii  li  .\(  1,\KI>  is 
iiiiii|Iii'Iy  inislinnii'il  In  Inmisli 

Wlini  Will  Iv  llii'  ii'w.iiils  Im  '.i  i/in,i'  ilie  .\i  i.Mil ) 
nppiiiinniu  " 

Ik'iniisi'  I  lii'lii'vi'  llinl  Hill'  I'.in  nnh  l.il.i  liinni' 
Irnili  any  k'l'Uiri'  ,i  vi'iy  liinili'il  niniilii'i  nl  nleas 
mill  I'lini'i'pl'..  Iliis  slnli'iiu'iil  I  wniikl  likn  Im  smi 
In  ri'iiii'inlii'r: 

VIUH'AI,I.\  I'.VKKY  gi'AN  l  l'M  l.l.Al’  IN 

rni;  rNDicKsTANniNk;  ok  .siuu  i.ink  ai. 

DkSI'kV.SKS  l)K  A»Nt)KMAI.  I  liS  l.S  (N 
AIRCKI'AVIIA.SI.I'IDIOA 
I  .IUKKAI  I/.A  I  ION  OK  Kl.VINd 
.SIANDAKD.S 

Duiinp  niy  laii'i'i  in  ai  rnspaii'  iiu'iln  ini'  ii 
sL'i'iiiL'il  111  alwnvs  111'  Irui'  llial  wilh  evi'i  v 
sipniliiaiil  k'lip  in  iiilnrnialinn.  sniiii'  snlisi'i  nl 
niri'iL'W  iiii'iiilii'i  s  lii'iK' I  Ill'll  liniii  iihi'i  ali  A'll 
siaiiilarils.  Valualik'  ii'siiini'i's  are  saveil.  pi'isniinl 
eareeis  .iie  I'liiiuiineil.  Ileie  is  when'  ynii  inn  iln 
Ihe  piealesl  pnnil  Im  llie  ik’siies  niii!  wishes  nl  ihe 
niri'iew.  a  l.iilin  nl'ii'ii  ileiin'il  iis  in  ileahnp  wilh 
iiiiliviiliial  niii'iew . 
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SUMMARY 

Medical  waivers  for  aircrew  are 
exceptions  to  aeromedicai  standards 
which  have  or<arational  justification. 
The  goal  of  the  waiver  process  ie  to 
preserve  flying  experience  to  the 
fullest  extent  while  preserving  flight 
safety,  individual  health  and  mission 
completion.  Unfortunately,  the  flight 
surgeon  has  historically  been  forced 
to  be  conservative  in  deciding  who  was 
or  was  not  fit  to  fly  because  nf  a 
paucity  of  relevant  scientific  data. 
Moreover,  the  waiver  process  has  not 
always  been  applied  logically  or 
consistently.  The  US  Air  Force  has 
recently  applied  the  philosophy  of 
aeromedicai  risk  management  to  produce 
a  waiver  guide  for  flight  surgeons. 

The  guide  lists  the  aeromedicai 
concerns  for  selected  chronic  con¬ 
ditions  met  by  the  flight  surgeon. 
Advice  is  given  on  the  workup  required 
for  each  waiver  request  and  a 
discussion  section  examine*!  the 
rationale  for  the  aeromedicai  dis¬ 
position.  For  each  condition,  an 
indication  ie  given  of  the  US  Air 
Force  waiver  experience  over  the  last 
few  years.  This  paper  examines  the 
basic  philosophy  and  describes  the  use 
of  the  waiver  guide, 

1  INTROPUCTIOf? 


During  this  century,  we  have 
progressed  lujju  Kitty  Hawk  to  the 
moon,  frein  overcoming  IG  to  prolonged 
exposure  to  zero  G  or  very  high  C, 
from  bicycle  goggles  to  night  vision 
goggles.  As  man  found  himself  at 
higher  altitudes,  at  greater  speeds 
and  in  more  challenging  cockpits,  the 
flight  surgeon  was  required  to  make 
decisions  about  the  aviator's  fitness 
to  fly  with  limited  experience  or 
scientific  data  on  which  to  base  these 
decisions.  One  step  forward  was  the 
realization  that  flight  surgeons  could 


make  a  difference;  for  example  the 
formation  of  the  Special  Royal  Flying 
Corps  Medical  Board  in  1916  signifi¬ 
cantly  improved  the  proportion  of 
candidates  who  were  successful  in 
flying  training  (1).  Thus  aviation 
medicine  has  been  in  the  business  of 
risk  assessment  and  risk  reduction 
from  the  very  beginning. 

More  recently,  the  results  of  long 
term  studies  of  aviators,  and 
collaborative  efforts  in  aeromedicai 
research  within  the  international 
community,  have  given  us  the  evidence 
to  advance  from  our  original  con¬ 
servative,  intuitive  approach. 
Aerospace  medicine  risk  management  can 
now  be  applied  to  make  more  informed 
recommendations  whilst  preserving  the 
primary  goal  of  flight  safety. 

This  paper  examines,  in  general  terms, 
the  philosophy  behind  aeromedicai 
decision  making  and  how  that 
philosophy  has  been  applied  in  the  US 
Air  Force. 

2  MEDICAL  STANDARDS 

Aeromedicai  standards  are  promulgated 
in  order  to  identify  individuals  at 
potentially  increased  risk  of 
incapacitation  or  performance 
decrement.  Before  an  aviator  witn  a 
medically  disqualifying  condition  can 
be  returned  to  flying  duties,  he/she 
must  be  granted  a  waiver.  Waivers  are 
exceptions  to  medical  standards  which 
have  operational  justification. 

Waiver  policy  seeks  to  balance  risks 
to  individual  health,  flying  safety 
and  mission  completion  against 
conservation  of  resources,  flying 
experience,  training  costs  and 
leadership  development.  This  balance 
will  shift  over  time  depending  on 
social,  political  and  economic 
influences. 
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To  be  considered  for  waiver/  a  medical 
condition  must  meet  the  following 
criterias 

a.  There  must  be  minimal  risk  of 
sudden  incapacitation. 

b.  There  must  be  minimal  poten¬ 
tial  for  subtle  performance  decrement/ 
particularly  with  regard  to  the  higher 
senses . 

c.  The  condition  must  have 
resolved  or  be  stable  and  be  expected 
to  remain  so  under  the  stresses  of  the 
aviation  environment. 

d.  If  there  is  a  risk  of 
progression  or  recurrence/  the 
symptoms  must  be  easily  detectable  and 
must  not  pose  a  risk  to  the  safety  of 
the  individual  or  others. 

e.  The  condition  must  not 
require  exotic  tests,  regular  invasive 
procedures  or  frequent  absences  to 
monitor  for  stability  or  progression. 

f.  The  condition  must  be  com¬ 
patible  with  performance  of  sustained 
flying  operations  in  austere  envi¬ 
ronments  worldwide. 

The  use  of  the  word  "minimal”  recog¬ 
nizes  that  zero  risk  is  impractical 
and  would,  incidentally,  exclude  most 
of  the  aircrew  who  presently  have 
waivers  and  who  have  performed 
effectively  over  thousands  of  flying 
hours.  Civilian  aviation  authorities 
have  set  a  goal  of  less  than  one  fatal 
accident  in  multicrew  aircraft  for 
each  10  million  flying  hours  (2), 
Bennett  (3)  proposed  that  the  con¬ 
tribution  to  this  from  medical 
incapacitation  should  be  10%,  that  is 
medical  incapacitation  should  cause 
fewer  than  one  fatal  accident  for  each 
100  million  flying  hours.  This  target 
is  achievable  if  tne  risk  to  a  pilot 
of  incapacitation  is  less  than  1%  per 
year  (4) .  The  risk  can  be  manipulated 
by  increasing  the  number  of  pilots. 

If  the  risk  of  one  pilot  being 
incapacitated  by  a  heart  attack  during 
a  one  hour  flight  is  1  in  30^,  then 
the  risk  of  two  being  bo  incapacitated 
will  be  1  in  10^^  (5).  This  assumes 


that  both  are  not  vulnerable  to  the 
same  precipitating  stress  and  that 
incapacitation  of  one  pilot  does  not 
prevent  the  second  pilot  from 
recovering  the  aircraft.  The  US  Air 
Force  is  unwilling  to  endorse  formally 
such  a  "shared  risk"  approach  in  its 
waiver  policy  primarily  because  pilot 
and  copilot  are  not  considered  to  be 
equivalent  positions.  Moreover,  the 
risks  are  higher  in  operational, 
ftingle-aeat,  military  flying. 

Although  the  US  Air  Force  has  set  no 
specific  goal,  McCormick  &  Lyons  (6) 
calculated  a  rate  of  incapacitation  of 
0.1:1  per  million  aircrew  flying  hours 
for  the  period  1978-1987. 

3  WAIVERS 

Waiver  decisions  are  thus  based  on  an 
awareness  of  these  principles,  prior 
experience  based  on  waiver  precedents, 
available  scientific  research  and, 
ultimately,  expert  aeromedic-al 
judgement.  Waiver  decisions  are 
individually  rendered. 

Types  of  waiver*  The  following 

different  waivers  are  possible  at 
present  in  the  US  Air  Force.  Flying 
Class  I  waivers  qualify  an  individual 
for  flying  training.  Flying  Class  J.I 
for  unrestricted  pilot,  navigator  or 
flight  surgeon  duties  and  Flying  Class 
III  for  all  other  aircrew  positions. 

In  addition  there  are  restricted 
Flying  Class  II,  or  "categorical" 
waivers.  Flying  Class  IIA  restricts 
an  airman  to  tanker,  transport  or 
bomber  aircraft  to  limit  exposure  to 
+0^  stress.  Flying  Class  IIB 
restricts  an  aviator  from  ejection 
seat  aircraft.  Flying  Class  IIC  is 
used  when  the  waiver  is  tailored  to  a 
particular  circumstance,  for  example 
to  specify  "no  mobility”  or  "flight 
only  in  helicopters."  Flying  Class 
IIC  waivers  are  given  only  with  the 
concurrence  of  the  operations 
conwuinity  since  they  significantly 
limit  the  individual's  miBsion 
availability.  This  consideration 
process  keeps  waiver  decisions  honest 
with  regard  to  "operational  justi¬ 
fication,  " 

Aeromedical  decision-making  in  the  US 
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Air  Force  is  largely  decentralized  and 
occurs  at  many  levels.  Basic  medical 
qualification  standards  are  written  at 
HQ  Air  Force  Medical  Operations  Agency 
(AFMOA)  in  cooperation  with  the 
Aeromedical  Consultation  Service  at 
Brooks  Air  Force  Base.  These 
standards  are  applied  by  flight 
surgeons  at  the  base  level.  When 
waivers  are  necessary r  workup  and 
documentation  are  forwarded  to  the 
major  command  (MAJCOM)  headquarters  or 
HQ  AFMOA  for  waiver  decision.  Thus 
the  waiver  decision  Involves  input 
from  general  flight  surgeons,  clinical 
Bpecialiats  and  aerospace  medicine 
apecialiats. 

g  THE  WAIVER  GUIDE 

Because  many  general  practice  flight 
surgeons  are  inexperienced  and  waiver 
authorities  at  HQ  change  every  2-3 
years,  significant  inconsistency  hae 
existed  in  the  quality  of  waiver 
requests  and  in  waiver  decisions.  A 
waiver  guide  (AFPAM  48-132,  "Medical 
Waivers  for  Aircrew"  [7])  has  been 
written  to  place  the  same  information 
before  all  the  elements  involved  in 
waivers  and  also  to  provide  a  mech¬ 
anism  for  handing  on  collective, 
historical  experience  with  waiver 
decision  making.  We  expect  "M^'dicai 
Waivers  for  Aircrew"  to  impro’  •  tliree 
aspects  of  aeromedical  practice: 
consistency,  currency  and  comparison, 

A  sample  page  from  the  guide  is  at 
Annex  A. 

The  waiver  guide  combines  waiver 
precedent  data  from  2  US  Air  Force 
data  bases,  the  HQ  AFMOA  waiver  file 
and  the  Central  Waiver  Repository  at 
Brooks  AFB.  The  former  contains  all 
cases  reforrod  to  AFMOA  since  1985 
while  the  latter  purports  to  contain 
all  ‘waiver  actloni?  within  the  US  Air 
Force;  experts  consider  this  file  to 
be  up  to  25%  incomplete.  Pertinent 
information  on  prognosis  is  included 
for  each  disease.  Thus  all  medical 
personnel  in  the  process  start  with 
the  same  baseline  information.  This 
offers  both  the  opportunity  and  tlie 
challenge  to  all  involved  to  submit 
updated  information  in  support  of  a 
given  case  or  for  incorporation  into 
the  waiver  guide.  The  format  of  the 


guide  was  selected  to  allow  for 
single-page  replacement  to  facilitate 
revision.  A  future  version  of  the 
guide,  including  references,  is 
nearing  completion. 

Moreover,  the  guide,  by  collecting 
risk  analysis  data  into  one  source, 
invites  comparison  of  risks  between 
different  diagnoses.  For  example,  one 
might  consider  risk  of  seizure  a 
significant  aeromedical  concern.  One 
can  turn  to  the  waiver  guide  to  find 
the  following: 

Melanoma  -  risk  of  symptomatic 

CNS  metastasis  is  2-3%  at  one 

year 

Blunt  head  injury  with  24  hr  LOG 

is  7%  at  one  year 

Knowing  that  the  risk,  of  new  onset 
seizure  in  the  unscreened  population 
is  approximately  0. 5-0.8%  (8),  we 
would  be  reluctant  to  grant  a  waiver 
in  a  case  where  the  known  risk 
significantly  excoads  the  population 
in  general.  Certainly  careful 
screening  has  substantially  reduced 
the  risk  of  Idiopathic  seizure  in  the 
aircrew  population.  In  the  past, 
decisions  about  given  conditions  would 
have  been  considered  separately.  Had 
we  been  waivering  severe  head  injury 
at  one  year,  but  not  melanoma,  we 
would  have  been  inconsistent  -  in  the 
absence  ot  other  mitigating  factors . 

In  its  presentation,  the  waiver  guide 
seeks  to  draw  information  from 
• elevant  populations.  For  example, 
supraventricular  tachycardia  (SVT)  in 
patients  with  heart  disease  has  very 
different  implications  than  SVT  in  a 
healthy  aviator  and  diverticulitis  in 
young  patients  is  associated  with 
significantly  increased  risk  of  com¬ 
plication  compared  to  older  patients 
(9). 

The  waiver  guide  also  provides  a 
rational  approach  to  decision  making 
with  regard  to  waiver  for  use  of 
medication  and  history  of  malignancy. 

5  USE  OF  MEOICATIOHS 

The  requirement  for  long  term 


medicaticn  necessitates  careful 
preparation  of  the  waiver  request  and 
the  use  of  drug  therapy  in  aviation 
requires  strict  control.  Most 
therapeutic  agents  have  unwanted  side 
effects,  some  of  which  may  become  more 
hazardous  in  the  aviation  environmont . 
For  e.xample,  a  drug  that  produces 
arteriolar  vasodilatation  may  be 
expected  to  reduce  tolerance  to  +0^, 
Many  over-the-counter  cold  medications 
contain  antihistamines  that  produce 
drowsiness.  Side  effects  of  drugs  may 
not  be  fully  appreciated  at  the  time 
of  first  marketing,  for  example  the 
dysrhythmic  effect  of  the  non-sedating 
antihistamines.  This  is  why  US  Air 
Force  aircrew  on  medications  will 
usually  be  grounded  until  tho  medical 
condition  haS  resolved,  the  medication 
is  no  longer  required  and  the  effects 
of  the  drug  have  dissipated;  they  must 
be  cleared  to  return  to  flying  duties 
by  a  flight  surgeon. 

US  Air  Force  regulations  contain  3 
lists  of  inedicationst  those  which  the 
aircrew  member  may  use  without 
consulting  a  flight  surgeon,  those 
which,  the  flight  surgeon  can  prescribe 
without  removing  th*'  individua),  from 
flying  duties,  and  those  wliich  can  be 
routinely  waivered.  All  other 
medications  are  considered  for  waiver 
on  a  case  by  case  basis.  The  use  of 
some  medicaments  has  been  hallowed  by 
antiquity.  They  would  not  be  approved 
now  witliout  extensive  investigation 
because  of  th>i  documented  side 
effects.  It  must  be  admitted  that 
there  io  little  evidence  that  harm  lias 
been  caused.  However,  it  is  still 
necessary  to  take  a  ennservative 
approach  to  new  additions  to  tlie 
pharmaceutical  armamentarium  for 
aircrew. 

It  ia  less  important  to  justify  past 
inclusions  to  the  approved  lists  than 
to  estabiinh  a  consistent  approach  to 
the  decisions  about  new  waivers.  The 
algorithm  at  Figure  1  illustrates  the 
basic  questions  poned  in  the  waiver 
guide.  Sometimes  it  ia  the  underlying 
condition  and  not  the  medication  which 
drives  the  requirement  Lc.  obtain  a 
waiver.  Sven  if  the  medication  is 
approved  witliout  waiver,  the  patient 
needs  a  ground  trial  to  exclude 


idiosyncrabic  reactions.  If  r  waiver 
is  required  for  an  approved  drug,  a 
ground  trial  la  still  needed  to 
rule  out  aeromedically  significant 
side  effects.  The  underlying 
condition  must  be  waiverable,  the 
efficacy  of  the  treatment  should  be 
demonstrated  and  the  flight  surgeon 
should  conduct  appropriate  monitoring. 
The  process  of  granting  a  waiver  for  a 
new  rii'^dication  must  begin  with  a 
comprehensive  literature  search  for 
aeromedically  significant  side 
effects.  If  these  are  found,  or 
experience  with  the  drug  is  limited,  a 
formal  drug  investigation  should  bo 
und(  I  taken.  This  may  be  either  a 
research  protocol  to  identify  any 
adverse  effects  of  tho  modication  or 
an  in-depth  assessment  of  the 
individual  on  the  medication.  If  the 
aircrew  member  can  meet  aviator 
performance  norma,  a  v;aiver  could  be 
granted  even  though  some  subtle  side 
effects  may  exist.  The  US  Air  Force 
has  adopted  the  latter  approach  to 
granting  the  first  waivers  for 
Lloinopril - 

6  MALIGNANT  DISEASE 

Classificatiou.  Classi f icatiun  of 
tumors  into  categories  facilitates 
decision  making  on  aeromedical 
outcome.  The  minimal  requirements  are 
accurate  diagnosis,  indication  of 
tumor  sise,  differentiation  and  local 
invaoion,  and  confirmation  of  the 
presence  or  absence  of  lymph  node  or 
distant  metastases.  Further 
classification  gives  some  indication 
of  the  virulence  and  potential  for 
relapse.  To  provide  standardization 
in  disposition  of  these  cases,  it  is 
essential  for  the  histology  to  be 
confirmed  by  a  reference  laboratory; 
in  the  USA,  this  is  the  Armed  Forces 
institute  of  Pathology  (Al'TP)  .  in  a 
review  of  tho  last  17  cases  of 
neoplasm,  AFIP  diagnosis  differed 
significantly  from  local  opinion  in  6 
patients  ). 

Effects  of  Treatmeut.  The  impact  that 
a  cancer  has  on  an  aviator  requires 
n  t  only  consideration  of  the  organ  of 
oi igin  but  also  the  clinical  or 
surgical  stage  and  the  treatments  that 
are  being  or  havt?  been  used.  Aircrew 


Figure  1 .  AJgorithm  for  medication  approval  in  aircrew. 
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with  u  hJ.Btory  of  malignant,  dioease 
atfi  not  considered  for  waiver  until 
all  treatment  is  complete  and  the 
individual  is  judged  clinically 
disease  free.  Sufficient  time  must 
liave  elapsed  from  the  completion  of 
treatment  to  assure  that  late 
complications  do  not  develup  such  as 
cardiac  or  pulmonary  toxicity  from 
chemotherapeutic  agents . 

VJaivar  Consideratiou  in  Malignaucy. 
Waiver  conoidex*ation  focuaeP<  on  the 
nature  and  frequency  of  the  required 
I'ollov'j-up,  the  projected  5  year 
survival  rate  and  the  nature  and  risks 
of  local  recurrence  or  of  CNS  or  other 
potent  rally  incapaci Lat ing  metaatauis . 
Kor  the  vast  majority  of  tumors,  Tumor 
Board  evaluation  and  Mudical 
evaluation  Board  (MilB)  recoimuundationB 
are  easential  before  waiver 
coiuiiduration  can  be  given,  These 
Boards  supply  information  on  prognosru 
and  appropriate  follow-up  of 
malignancies  as  well  as  advice  on  tl\e 
general  suitability  of  the  individual 
tor  continued  military  service.  The 
nuceusity  fur  fullow-up  will  almost 
certainly  interfere  with  mobility 
requirements  unless  tlie  tollow-ui)  is 
at  gruatur  than  0-muntlily  intervals  or 
tile  tests  I'equired  are  very  oimpl<>, 
e.g,  cumi^iuto  blood  count  (CUC), 

In  general  terms,  the  waiver 
authoritiee  will  try  to  obtain  a 
return  to  restricted  flying  status  au 
long  as  there  is  a  minimal  risk  of 
Incapacitation  as  a  result  of 
recurrence.  Tn  many  cases,  upyrydiny 
to  a  less  restrictive  waiver  can  be 
considered  2  years  arter  completion  of 
thora.^y  provided  there  is  no 
recurrence.  This  decision  will 
include  an  assessment  of  survival  and 
recurrence  rater  Waivers  are  not 
generally  granti-‘i  tor  metastatic 
disease  or  cases  with  a  year 
survival  rate  of  lean  than  90^,  This 
number  is  arbitrary,  but  incorporates 
tho  economic  reality  that  it  is 
cheaper  to  replace  an  aircrew  member 
at  tlio  time  of  diagnosis  than  at  a 
higher  experience  level  3  or  4  years 
later  if  a  cure  was  not  achieved. 

From  a  risk/benefit  standpoint,  90*^. 
may  be  too  strict. 


Considering  an  aviator's  fitness  for 
flying  in  the  presence  of  disease  is  a 
complicated  business.  Kany  factors 
combine  to  obfuucate  the  issues.  Per 
the  flight  surgeon/  the  process  is  as 
much  an  art  as  a  science,  with  mutual 
trust  and  respect  with  the  fliers 
playing  as  important  a  part  as  pure 
knowledge.  Other  more  rigorous  and 
quantitative  proposals  fox*  waiver 
decision  making  have  been  proposed 
elsewhere.  The  Proom  and  colleagues 
have  attempted  to  quantitate  age  and 
the  experience  factor  in  relation  to 
aviation  safety  in  tlm  Israeli  Air 
Force,  They  cr»r.cludod  that  even  a 
tenfold  increased  incidence  of 
disoaoe-related  sudden  incapacitation 
would  yield  a  lower  uvorall  mishap 
rate  than  replacing  a  30  year-old 
fighter  pilot  with  a  novice  (10). 

Clark  has  applied  Decision  Analysis  to 
neurological  cases  in  the  US  Navy  and 
found  it  a  useful  adjunct  in 
aoromudical  dispouitian  (11) > 

IlowevuL'/  many  of  the  numbers  upon 
which  the  decision  tree  iu  built  are 
subjectively  determined.  Although 
litatlsticai  risk  modeling  iu  valuablu, 
it  cannot  substitute  for  bound 
aeromedical  judgumunt.  The  social, 
ethical  and  political  rami 1 icat ions 
can  be  substantial  tor  a  preventable, 
medically-related  mishap--even  when 
the  otatiuticaX  rlaks  were  calculated 
to  be  very  small.  For  tho  present 
time,  we  believe  a  toam  deciulun 
process  oilers  the  potential  of  tho 
highest  quality  duels  Lon  and  that  tiie 
waiver  guide  will  enhance  the 
ef fectiveiieus  of  eui.ii  member  of  the 
decifjion  team. 

kbp£;ri:wce;s 

1.  Gibson  TM,  Harrison  HH,  1981, 
British  aviation  medicine  to  1939. 
Royal  Air  t'orce  Institute  of  Aviation 
Medicine  Report  No  U  893. 

2.  Chaplin  JC,  In  perspective  -  the 
safuty  of  aircraft,  pilots  and  thuir 
hearts.  Eur  Heart  0  198B;  9  (Suppl. 

G):  17-20. 

3.  Bennett  G,  Medical-cauue 
accidents  in  commercial  aviation.  Eur 


Heart  J  1992;  13  ^3uppl  H);  13-5. 


4.  Tunetall-Pedoe  H,  Risk  of  a 
coronary  heart  attick  in  the  normal 
population  and  how  It  miglit  be 
modified  in  fliers.  Eur  Heart  J  1984; 
5  (Suppl  A) :  23-49. 

5.  Tunstall-Pedoo  H,  The  concept  of 
risk.  Eur  Heart  J  19118;  9  (Suppl  G)  : 
13-b. 

6.  McCormick  TJ,  Lyons  TJ,  Medical 
causes  of  in-flight  incapacitation: 
USAE  experience  197U-1987.  Aviat 
Space  Environ  Mod,  1991,  62:  884-7, 

7.  Medical  Waivers  for  Aircrew. 

1993,  US  Air  force  Itamphlet  40-132  . 

8.  Merry  UTG,  Neurology,  p647,  In 
Ernetlng  J,  King  P  (oda).  Aviation 
Medicine,  2nd  edition,  1988. 
liutterworths,  London. 

9.  ourlol  K,  Schwartz  si, 

Diverticular  diuease  in  the  young 
patient.  Surg,  Oyn  s  Obat,  1983,  196: 

1-b. 


10.  Froom  P,  Henbasaat  J,  Gross  M, 
Kibak  J,  Lewis  U,  Air  accidents, 
pilot  experience,  and  Uisease-rel ated 
inflight  sudden  incapacitation.  Aviat 
Space  Environ  Mod,  1988;  59:  270-81. 

11.  Clark  JB,  Kisk  Aseessiiient  and 
clinical  Aeroiiiedicai  Decision  Making. 
Aviat  Spaco  Environ  Med,  1993,  64: 
741-7. 


IK 


ANNI'.X  A 

CONDITION:  THYROID  CARCINOMA 

AC,  13.  Aeromedical  Concerns.  There  Is  a  substantial  risk  of  hypothyroidism  after 
surgical  treatment.  A  small  risk  of  damage  exists  to  recurrent  laryngeal  nerves  from 
local  invasion  and  of  surgical  damage  to  the  parathyroid  glands. 

AC. 14.  Waiver.  Waiver  will  bo  considered  after  treatment  of  papillan/  or  follicular 
carcinoma  of  the  thyroid.  Medullary  or  undifferentiated  thyroid  tumor  will  normally  lead 
to  DQ. 

AG.15.  Information  Required.  Tumor  Board  rocommoridations  and  MEB  are  required. 
AFIP  confirmation  of  the  histology  is  mandatory.  Confirmation  of  euthyroid  status  and 
evidence  of  TSH  suppression  are  also  needed  for  initial  and  renewal  waiver  action. 

A6.1C.  Treatment.  Surgery,  Some  authorities  prefer  to  use  treatment. 

AG, 17.  Discussion.  Generally,  men  over  40  years  old  and  women  over  50  have  a 
worse  prognosis.  Another  poor  prognosticator  is  a  primary  tumor  over  5  cm.  Papillary 
carcinoma  is  slow  growing,  spreading  locally  to  the  strap  muscles  of  the  neck,  lymph 
nodes  and  occasionally  trachea  but  it  may  metastasize  to  lungs  or  bone.  Some  20% 
are  said  to  be  multicentric.  Overall  5/10  year  survivals  of  bettor  than  95/90%  can  be 
achieved,  Because  tfie  growtti  rate  is  slow,  tfiere  is  no  particular  trend  to  early 
recurrence  (recurrence  rates  front  10-24%  tiavo  been  reported);  patients  should  be 
able  to  return  to  flying  as  soon  as  ttioy  are  euthyroid.  Follicular  carcinoma  tends  to 
metastasize  to  lungs  and  bone  rattier  than  infiltrate  locally.  A  major  determinant  of 
outcome  is  ttie  extent  of  microinvasion.  The  usual  treatment  of  choice  is  total 
tfiyroidectomy  because  there  is  an  87,5%  cfianco  of  trie  opposite  lobe  containing 
microscopic  follicular  carcinoma.  For  patients  treated  witti  total  tiiyioldeolomy  and 
radioactive  iodine,  the  death  rate  at  5  years  is  quoted  as  11%,  rising  to  30%  wliun 
treatment  is  by  incomplete  thyroidectomy  alorio.  This  can  be  largely  explalrted  by  tlie 
fact  that  only  total  thyroidectomy  allows  subsuquent  accurate  localization  and  troatment 
of  distant  metastases  by  '3t|  iViedullary  carcinoma  and  uruiitlerentiatod  carcinomas 
have  a  10  year  survival  uf  50  and  20%  respectively. 

AC.  18.  US  Air  Force  Experience,  So  far,  all  aircrew  wittr  Uiyroid  carcinoma  liave 
eventually  been  granted  a  waiv  -r  to  return  to  flying. 
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liiltoducLioii 

The  medical  and  nhymeal  c.'iimunatioiis  our  pilots 
Ko  in  t'oi  at  reeiuilinr;  and  dutiiiK then  luuiual 
levision  become  more  i-xtended  and  aeeuiate 
thanks  to  new  medieal  leehiuques  (In  the  hand 
wo  notice  that  the  inipoitiiiu'e  ot  human  I'aetors  les 
a  euu.se  ol'lli^it  aceidents  inei eases 
Theielot  the  iiicdieiil  Comnneskm  tcspon.sihlo  loi 
declaring  pilots  tu  to  tly  has  to  desciibe  the 
all'ectioies  icgaiding  to  i  isks  a.id  piognosis  mole 
detailed,  and  has  to  impose  lligAt  lesliictions 
adapted  to  the  type  oraiipliiiio  and  the  I'niiclioii  of 
the  pilot  involved 

The  medical  C'ommi.ssion  for  suitability  to  tly 's 
decision  thus  has  an  im|>or(ant  mtluencc  on  the 
further  career  of  the  pilot  in  miestion  and  on  lliglit 
safety  111  uomniun  The  t\immlssioii  has  to  find  a 
baliince  belween  eommon  and  peisonal  interest 
The  mam  intention  of  this  study  was  to  ciitieally 
evaluate  the  pioccduies  lol  lowed  bv  tlie 
Commission,  baseil  on  an  mvestiyaiion  on  die 
eases  of  all  pilots  oflhe  llelgian  Aiifoice.  who 
veeie  leslne.led  defmilivelv  dining  the  year  of 
The  population,  the  diffeient  kinds  of 
affeetioiLs  and  the  ro.sulting  lliiitit  icstiietions  weie 
studied  These  data  will  he  followed  by  a  entieal 
view  on  the  method  of  peoeeduie  ul  llie 
Comniission 

Methods 

All  llying  peisomiel  of  the  liclgimi  Aii  foiee  is 
si'l  dued  to  an  annual  medical  examination  in  the 
Aeiospaee  Medieal  Cenlei  in  liiu.ssels 
This  exmmnation  consists  of  an  inlci  rogation, 
including  the  data  obtained  by  ibe  lliglil  suigcon. 
a  complete  medical  cxaniinatioii.  a  Thorax 
radiography,  fulmolcsts,  diffcicnl  lab-tests, 
audiomcliy  and  TXXi 

Medical  capability  is  decided  upon  in  case  of  a 
noinial  investigation.  The  Commission  (iK’til  .ul )) 
consists  of  three  appointed  and  noniiiiiiled 
medical  ductois,  siicciali/cd  m  Aviation 
Mcdicmo.  mid  pait  of  the  Medical  ( 'entei 


Heside.s  this  medieal  Comiia.ssion.  a  Coiniiii.ssion  of 
Apiieal  exists 

If  affections  lue  detected  during  such  :m  annual 
exuniinulion  or  if  the  pilot  is  leTeircd  to  the 
Commission,  by  his  llighl  suigcon.  to  evaluate  his 
litiies.s,  oi  even  on  icquest  oflhe  pilot  hmiself,  oi  his 
conimandei.  the  tiCiil.l  It)  can  decide  upon  a  llighl 
lestiictiuii  that  may  get  dolinile. 

Duniig  tile  yciu  of  1'7',)2,  4.1  menilicrs  ol  Ihe  Hying 
pei.roimel  (M’)  of  the  It  Ah'  (4 1  pilots  and  2 
navigutoisj  had  a  lliglil  lestiietiun  due  to  a  medical 
reason.  Those  T  P's  medical  iccords  were  checked 
upon,  and  luiaiy/ed  Toi  pei.soiial  data,  medical 
ptobicms  method  of  fimction  oflhe  ( ’ominission 
luid  tiiial  decision 

Results 

I’ei.sonal  data 

111  I't92.  the  Ihglit  rcsliictcd  population  counted  d.t 
people  out  of  .'il't  Hying peisoimel  m  Ihe  H.Ah,  oi 
X..1  %. 

I  he  aveiage  age  ol  Ihi.s  group  was  44  ycais  Mean 
age  ol  the  total  population  was  yeias 
I'o  get  im  idea  iTage  or  ciueei  lUC  sigmiicanl.  the 
mitial  age  imd  the  corres|ionding  rank  on  the 
moment  oflhe  fust  icsliietioii  wcie  eliceked  upon 
(Table  1) 
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\'}\  (WS.I 

'  ’  <  -1 

.)  (.  Ill" 

l.ililc  I  IVimiiiimI  iKil.i  <'i  ihi-  I  ol.il  I  IS  oiuiiau  il  Id  ilii- 

\M[li  icsiiit  hiiii’. 

Mean  .ige  was  .14  yems  f.S| )  7.1)  IT  wc  eompaie  the 
initial  with  the  final  rank  oflhe  41  hP  in  I  'W2.  wc 
notice  that  the  luunbci  of  coiniaiuidcis  is  pietly 
higlr.S2% 


Vtcsfntfd  ul  a  Sviniinyiuiii  on  ‘Tin-  I'lmii  iil  ltu\i\  fur  Afiinitt-tlituI  Making',  April  I'J'U, 


TIk'  jivcmj’.e  nunihci  ot'llvin«hi)urs  initiallv  wiLs 
2286  h  (SU  1 231  min  3()f)  h,  niix.-v  3900  h  ) 

The  type  ofiiircnih  \v;is  sprcud  over  itie  ditToreiU 
kinds  ased  lit  that  tiKiment 
We  nulieed  thiil  the  population  studied  always 
had  siiHioient  tlijjht  ex|X'rienee.  mostly  in 
dilTeient  types 

/MTeclipiis 

Althoui^h  these  data  lue  hard  to  he  eheeked  upon 
one  tile,  it  is  e|uilc  eniaik.ihle  that  the  afl'eetlon  is 
ulten  noUeed  lor  the  Itrst  time  dui  mg  the  annual 
eximimation  (22  eases)  In  1  ease  it  was  the  pilot 
hintsell' who  asked  to  he  able  to  appeal  for  the 
('ommission. ')  eases  were  fast  e.saniined  hy  a 
eivil  doetoi,  1 1  hy  then  own  lllght  suigeoli  tl'lg  I 
soul  ee  l 


■ 
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Kig.  1  Suui'oe  hast  )neseiitalioii  ol  the  hiiiiting 
atfeelioii 

In  most  eases  it  was  a  disease  fn  37  ot  Xo  “-ipV  T  ( 

I  -t  “  u)  were  evoked  by  an  aeeident 
A  more  tlunouithlv  analysis  of  the  alfeetions 
eonelude  to  7  organie  systems  that  lead  to  the 
final  lesUietion  I'fig  d)  In  b)  eases,  2  systems 
were  involved,  mostly  hy  the  inipaet  of  one  system 
on  the  olhei 

Most  impoiliuit  is  the  eaidiova.seuliir  piitliology 
l.'>(29“(i),  followed  by  oitluipedies  9(17“,i)) 
ophthahiiologie  X  (  M  %),  eoinmon  internal 
diseases  S  ( 1 3  “o),  and  finally  iieurologie  d  (  X  "o), 
psychologie  4  (  X  %)  and  MRl.  diseases  4  t  X  'to) 


i  *  &  A  lU  17  14  lA 


I  Tg  2.  C  iiganie  System:  dislnbulum  of  al  feetions 
eiiusmg  restrictions 

A  mote  detailed  revision  is  given  in  table  2 
Kemiuks  illustiale  the  speeifie  diseases  This  is 
mi'oitant  to  uiidcisland  evolution  m  eertiim  diseases, 
and  a  icsuilmB  delay  m  final  lesti  lelion 
In  those  -13  eases,  the  disease  stalled  2o  Limes  lathcr 
acute,  in  1 7  ca.ses  a  elinmie  development  was  seen 
We  wcic  able  to  Imd  pie  moibul  faetois  m  10  eases 


I  feeisioii  olThc  t  tommi.ssioii 

file  final  icslrielions  that  allowed  43  people  of  our 
I'  P  to  lly  any  way  duimg  the  year  of  1>.I92.  are  j'.ivon 
111  fig  4  Totally  there  are  X2  reslrietions  IX  pilots 
had  only  one  lestnelmn  while  23  tHhevs  had  several 
111  33  eii.se.s,  the  type  ol  aiietall  was  speeilied 
In  14  cases  wciuing  glassc.s  was  requiied  Notice  that 
those  people  also  had  luiulhcr  reslnelion  lie.sidc 
these  14  pilols,  24  others  -  rail  iiienlioiie.d  m  this 
pa|ier  -  liad  visual  problems,  leading  to  a  re()iiii  ement 
to  wear  glas.ses 

In  1  3  eases,  the  renniiement  demanded  that  involved 
IT'  could  only  fly  as  a  eo-pilot  togetiici  with  another  - 
non- restricted-  pilot 


riic  iluiiiluiM  111  illiilllv  uiil  111  l,'’i.;lM's  ivsli  icli'il  In 
('  iiuintlis,  in  oiiiiirln  I'l’  ;ihk'  lo  u-  I'.XiimiiK'  tik’ 
pilnl;;  mputiiilv 

'  Ulk'i'  ivs(i  K-tuin‘;  an-  oouiilru's  to  which  is  lvin|- 
lloivn.  (.1  loi  luiUilkiiuil  |i|nMciii;.i  mid  ic;;li iclioii 
ni  l  i  iici  clci-.ilioii  1 1  lor  liiiuiliiiiiiiiii  I  I'm- 
sVicoiic.  1  I'm  hypcilciisknil  iiik'|illnl  wim 
declined  uniihic  kn  lliulils  m  |iliiiics  wilh  cicetuin 
tieiU  (Kick  prohlciii),  one  uniil'lc  Ini  Acuilialies 
mne  nrilie  ICSII  leliniis  ol  nui  pilnl  with  e^inniaiy 
I'VpasM.  one  lv^^l  leU'd  in  diiialion  ol'  llip.lits  (hack 
|■■lohl^■msl  and  one  in  licipiil  icini'iliysciiml 


l-l.i’  1  l  iiiiil  icalilelHiiia  Kuinl'ci  nl  dillciciil 
I  ilids  nl  let.ll'IClIiill:. 

I  'I'lcu'i'.inn  and  cnik  lii'anii 

llv  l■l•llllall/lnl.'  the  cyiiiiuiiMliniis  nl  llic  Id'  nl  Ihc 
li.\l'.  aiiiiuiilK  111  nui  Medical  ( 'cnici .  llic 
1  niiuitliiianli  111  iil'le  In  iiciceii  all  Id'  iiinie 
llHiroiipJilv  and  iieiiiial  I  In:;  explaiiv;  the  hiei  ihal 
^1  "ii  nl'all  iiireellnlli;  ilie  llllllllllv  vIli.ClIi.M'd  nl 
nolieed  :ii  llie  i  'eiilei 

I  lie  illi'lil  slllp.emi  nil  llie  nlliei  liaiul  l:>  placed  in  a 
delicate  pusllinll  nl  cnillldeilce  III  wlllcll  Wlllim 
ihe  liiiiil:.  nl  iialeli  he  Will  li\-  In  keep  he.  pilnp, 
ailhnine 

He  e;  an  llieplaee.ihh'  enilieelni  Ini  llie  pili'l  He':, 
Iihle  In  Iicenliipain  llie  pilnl:.  I'nl  llie  t  'niiiiiii'.ianii 
and  even  In  .lelend  iliein  willmin  Inn:. me  die 
enlll ideilci'  nl  lie,  pilnl:; 

I'lnni  die  leiaill:,  nl  die.  ..tudv,  niie  luiliccv,  dial  all 
ape  niniip:;  and  all  alieiall  l\pe:.  aie  lepie-ieilled 
ei|ilall\  111  die  p,lnil|i  ut  Id'  uilll  lllp.lll  IC'.li  lelinli:; 
Hie  resineiinn  ilcell  nnnelhele.ss  has  liiideiiiahle  a 
lU'iyilive  iiillucllce  nil  die  luillici  i  in'ei  nl  die 
pilnl 

I  lie  '  'niiliiilManii  li  le:.  In  aVni.l  die.  a:,  lllilcll  as 
pnsiahle  hy  iipeeiK me  and  .leladinii  die 


le.sli  lelinii.s  cveiiluallc  Iw  disciissiiip  llieiii  wall  llie 
eoiiiiiiand 

l  lnlll  an  iliiaivsi::  nl'die  allecllnlis,  it  slinws  that  it 
are  iiiaiiilv  di.seiises  dinl  me  die  emi.se  nl  peiiiiiitienl 
lesliiclinii  iXii"ol 

Hie  liequeiit  daiiiaiies  Ilia*  ncc'.u  with  the  Id'  he 
iiccident!;  tespeeially  tiai  "  ni  spoit  accidents) 
iikvitlv  lead  lo  teuipniiuv  mc.ipacilv  and  oiilv  I'm  U 
"o  In  delmitive  lesInclioMs  hy  seqtieks 
Hie  lad  that  the  medical  exaiiiiiialimi  has  In  he  as 
aeeiliale  as  possihle  and  al.sn  has  In  iiiciiide 
addlliniial  technical  ,iiid  lah  e.xaiiilnaliniis  appeals 
liniii  the  divei'.ilv  nl  aU'cclintiM 

I  Uii  ceiilci  has  die  advaiil.ip.e  ol  l'ein|'.  al'le  to 
sysleii-alically  pel  Ini  in  ill  the  e.saliiiiiiiliniis  nn  a 
hasic  (.name  mill  ..nlv  e.soepliniially  liaenip.  In  lelei 
l.i  die  I  ciiliai  Mdilaiy  llnspitnl  nl'  Hiicssels 

I I  IKIK.'M  Ini  •■iiivei 

I'he  liealiii.'iil  nl  llie  iiilnl.s.  and  llie  e.saiiiinatinil'; 
lliat  pn  with  il.  me  heiiip  cnn'diiiiiled  hy  the  I diplil 
hiiiiyon  ati.l  t.ike  (dace  in  civil  lio;.(iil:ils  .n  Ihc 
Mihliiiv  Hos|iilal  lheiii|iy  and  evalualion  nl  llvinp. 
.il'diiv  stay  :.e|'aialcd  ihis  Wav 
I'hc  S|ici:ilic  padinini-.v  is  slmwn  in  Up,  1  and  tiihle  .I 
l  lie  inipnilani  e  orcaidiovasclilal  dise.ii.es  ii; 
lei.viikalde  i  l‘>  "»i  riiii.  iii'.nries  die  luilliei 
e  vlensioii  nl  nui  e.Kanillialion  raidilies  widi 
•.|ini  iep,n!iii  iiv  and  ecline.iidlnp,i.i|i|iv  |n|  eilllv 
.lelcch.  !i  .-nd  In  adinil  sale  llvinp i  nnlininU 
I'liiiliei  I  cl  lection  nil  ii'ik  Uictoi'i.  (livpeilcn  .inn 
Iniie.ie.linlesleinleiiiiii.  i  nn  .ccUiilv  enhaiicinp. 
c.xaiiiiiiatioiis  aiivlniitli.-  iniiuKinl  liealnieiU 
laiiti'ivpeil.'iv.ivcs  i  e.  siiiclv  nccessaiy  and  llie.  In 
lake  plav.  v.illiin  the  lianic  nl  avi.ilmn  mcdieine 
l■le^|llellllv  die  nitlinpediv  |iiohleiiis  aie  nl'  lianinnlu; 
niiplll.  and  lli.illdv  vvilehial  I'he  elleel  nl  i  i 
iicceleiatinii  -ind  Ihe  iii.k  ol  iiMiip  Ihe  e|ecluiil  seal 
are  eaii:.c  .>1  le.sli ictlnn; 

I  he  tact  that  nllaliii'.iInp.Ma!  .Iiseases  mil;,  lake  die  I 
id  (ilaee.  i:.  due  In  die  .severe  leciuilinp  .sUindard'-  In 
which  all  candid;, Ic,  .linidd  ie:,;si;id 
I'he  dilleien'.  inlein;;l  ihseases  ;vs  des.;;lvd  ahnve 
inllucnce  hv  chinnic  evoliuimi  '.aid  lie;U;iiei;l.  Ihe 
e;;p;icilv  ol'  llviiip  ;illd  so  lc;id  U;  speeihc  resli  iclions 
Hiiee  oul  ol  loul  inc:;p;ieity's  ol  lu  utolottic  imluie. 
;iie  (luiely  liauiiitilic.illy  ilmip  hisunp,  ennial  :;iid 
emtsed  I'V  Inilhc  :icc.dc;ils 
\ldimi)ili  oui  pilots  ;iie  siihdued  lo  an  ell  icieiil 
psvcllnloi;ie;il  lesl  ;ind  evalu;lllon  ;il  sclecUuli,  die 
individual  ;ii.Mlllil;ilinii  of  :.oclal  piohleni:.  m 
traunialic  espeiienves  icniain:.  hemp,  Inllnwed  hv 


iinsu'tv  disorJi'is  I'lio  psvidii)Ki^n;;il 
;ici.oni|i;iniiiK'nt  ol'  I  I’  is  a  Lii'licato  piolili'iii  luui 
soiiii’timcs  il  la  ncccssaiv  In  iivaiiv  a  luitlici 
slal'ilily  with  a-Mi  H-lK'ni; 
riic  HN'l  ptnl'k'nis  that  lead  U>  luslMcliniis,  as  in 
mil  4  oases  maiiilv  mniiences  nu',lu  sal'dy 

■  dialy  sis  ul' disease  develnpmenl  sluae.s  us  Ilial  in 
In"  0  111  I  lie  cases,  prediclive  eienieiils  weie  ilieie. 
suiiie  ol'  Iheiii  could  have  been  dciecied  by  mu 
aeiual  seleelion  svsteiii  pspniidiolvsis.  nuue 
resliu'live  nunn.s  loi  hypeileii.sum  i 

111  ntliei  ease.s.  diajyiosis  nl  I'lllal  lesli  lctloii  weie 
delaved  bv  a  cliiiinieallv  pioi'.ii'ssion  I  1.'  "ni  ll  Is 
vli.'.ciissible  wliethei  e.'Uended  eNaiiimalioii;.  would 
be  ol  liinie  piolil  More  impoilanl  is  an  eailv 
deuMinn.  al  the  momeiu  llie  risk  Ini  tlicJii  salely 
neeilis  nl  the  lieallll  ol  llie  pilots  deniaiids 
liealnu'iil 

l-oi  the  ( 'niiiimssloii.  the  eiueslion  is  iilwaws  "I  'p 
to  wheie  can  we  ^to  ' "  I  o  the  pilol.s.  this  i|ueslinn 
IS  "  In  which  way  can  ihis  pilot  still  llv'"'  in  othei 
Wolds  iiiidei  which  lesliicliolis  can  he  e-oiiliiuie 
llviiin’ 

■  Vs  e.'.plaineil  berme,  the  ( ■oiniiiit.Moii  lues  In 
ileelaie  ■  ii.s  specified,  and  delailed  .is  possiblc- 
.soine  liiiie.s  in  conseiil  with  Ihe  coniiiiaiido.  llie 
lesuiclions  iiiidei  which  a  pilot  is  allowed  to 
continue  tlvinti  In  lip.  -1  ihese  lesii  ictions  aie 
shown 

The  ciilical  cslablisliineiil  e-  dial  die  decismii 
niakiiip  of  llic  I  'onimission  loi  one  and  ihe  s.inie 
disease  is  veiv  often  dilleieitl  I  he  leasoii  llieieloi 
IS  indiyiduiilizalion  and  llic  olien  e.\apj',eialed 
iitlenlion  to  liillill  Ihe  wish  ol  Ihe  pilot  imolved 
Hui  III  that  wav  a  '.liaiuhl  line  caii'i  he  kepi, 
iiie.ininp,  that  not  the  inenihei:.  nl  the  1  ollimisslnii 
Hill  the  |Mlnls  111  the  cniiimaiuln  hale  a  deal 
in.sip.hl 

I  he  aieinbei  s  nl  llie  i  ii '( 11  .ul  i  aie  awaie  nl  ihi;-. 
and  one  nfllie  mam  leasniv.  of  Ihf-  sludv  was  to 
look  .It  ihi.s  pioblelll  in  a  .a  lelllll'Kalli  w.il  in 
ohlain  a  heller  view 

.Mihoup.ll  we  studied  olib  -11  pilnls  willi 
lesliiclioiis.  our  results  aie  inleieslinp  because 
ihev  eoncein  the  lol.il  popiilalinn  nl'lhe  li.M- 
Ihe  diveisily  nl  diseases  should  lead  us  lo  moic 
dficicnl  sciecning  cxainiiialions  in  ordci  u  obtain 
eailici  dcteclioii  and  I'cllci  picuailive  IlcalmeiU 
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1.  SUMMARY 

III  llie  United  States  Navy,  many  dia(,',noscs  are 
coiisideicd  disqaalilyiin;  fui  aviation  duly  but  may 
be  "waived'’  to  retuin  to  llittlil  duties  allci 
lesolulioii  oC  die  disease  or  appropriate  liealmeiil  of 
the  cuiidilion.  I’ersonuel  with  waivers  are  u.sually 
suiijcct  to  more  fiet|ueiil  pltysieal  esaminalions 
iuid/or  special  diagnostic  procedures.  Altliough  tlie 
Naval  Aerospace  and  Operational  Medical  Institute 
promulgates  wiitten  ueioinedical  guidelines  tiiat 
delineate  wliieli  disease  conditions  may  tie  waived 
and  W'liicli  may  net,  wais'crs  arc  guuitcd  on  a  case- 
by-case  basis  consideiiiig  not  only  tlie  diagnosis,  but 
the  ttge,  e.vpcriciiee,  luid  type  of  aviation  duly  of  the 
individual  in  question.  I'liis  study  wa.'i  undeitakeii  to 
detcimine  which  conditions  were  must  tuid  least 
likely  to  be  waived.  We  levicwed  all  eases  entered 
into  the  Naval  Aviation  Medical  Data  Bank  who  had 
been  diagnosed  with  a  condition  considered 
disqualifying  for  aviation  duly,  totaling  over  3'>,tK)() 
records.  Cases  were  slralilled  by  diagnosis  and 
aviation  duly  and  the  percentage  waived  wtis 
calculated  foi  nmjoi  diagno.slie  groups. 
Aiipro.vimalely  (i(i%  of  all  c.ascs  with  a  disqualifving 
diagnosis  wvie  lecommeiided  foi  a  waivci 
Ololai;,  ngologie,  oplilhahnologic  and  iniise- 
uloskeletal  disorders  accounted  for  over  5tl%  of 
ditignosts  in  personnel  |■eeonlnlended  for  a  waiver, 
bear  of  flying,  pcrsoiiahly  disorders  and  adjusUneiil 
disorders  weic  tlie  three  diagnoses  least  likely  to  be 
granted  a  waiver.  The  most  common  disqualifying 
diagnoses  of  aviation  personnel  not  recommended 
for  waiver  v.cie  disorders  of  rcliaetioii  and  aeconi- 
modalion,  obesity,  allergic  rhinitis,  alcoliol 
dependence,  and  hypeilension.  Designated  aviation 
peisuniicl  were  sigiiilieanlly  more  likely  to  be  waiied 
llian  students. 


2.  INTRODUCnoN 

file  U.M.  Navy's  acromedical  service,  die  Naval 
AeriKpacc  :uid  Dpciatioiud  Malieid  hi.stitule  (NAMl), 
lia.s  the  lespoiisibilily  for  evaluating  aircrewnicmbei's 
fiutes.s  to  tly.  Die  role  of  Navtil  b'liglit  Suigeons,  who 
aie  tuiined  at  NAMI,  is  lo  funclion  its  pievenlivc 
medicine  s|)cciali.sls  and  to  detect  ruid  hurt  disease,  hi 
tJieir  preventive  medicine  role.  High!  surgeons  perfonn 
peiiixlic  physical  e.Muniiialioiis  on  all  aviation 
ilcsigiiatcd  peisoimel.  Suh.setiiieiil  lo  a  physical 
extuiiiiuilioii.  aiiciewiiieiiiheis  aie  given  ;ui  aeiomedietil 
dispo.silioii  of  physically  qnalifietl  (I’t))  or  not 
phvsieally  (|ualilied  (Nl*(2)  liy  die  Might  surgeon,  ks 
pait  of  the  Mig.ht  physical,  aireiewmembcis  me  also 
evahiaiul  liir  dieir  abilily  lo  atkipl  lo  die  rigors  of 
aviation.  fills  concept  is  known  as  acroiuiulica! 
adaptability  (AA)."'  To  determine  aeroiiaiilieal 
tidaptabilily,  die  lliglil  stirgain  evahi.iles  the 
ait  crew  member's  altitude  regarding  Naval  Avialmn, 
niotiKilkm  to  lly.  Icmpeiiuiicul.  Ilexibilily,  tind 
psyeliologieal  defense  iiiecb.uii.snis.  A  fuidiiii',  of  not 
aeioiiautieally  adaptable  (NAA)  is  geiieiallv  eoiiNirlcred 
peinuuienllv  disqualifying..  Aviatiuii  peisoimel  who  ;ue 
liiuiid  eilliei  Nl’U  or  NAA  aie  iiicdieally  di.squnlilied 
fioni  fuilher  llig.hl  dudes  imlc.ss  Ihey  aie  giiuiled  a 
waiver  foi  llicii  disqiialilying  coiulilion. 

'Hie  U.S.  Ntivy  Bureau  of  Malieiiie  and  .Suii’.ciy 
(liUiMliD)  puhli.slies  .specific  physical  sliuidanls  foi  all 
av  iation  ihily  categoiics.  NAMI  piomiihyites  addihonal 
guidelines  which  delineate  which  di.scasc  conditions 
niiiy  he  waived  and  iiiulcr  what  circunislaiiccs.  file 
Acioniedical  Advisniy  ('ummillee.  a  piuicl  of  aerospace 
iiieilieiiie  s|X’eialists  at  NAMI.  legiilaily  meets  lo 
review  tuid  update  these  physical  .sUuidards  luid 
i'.uidclincs  for  the  granting  of  waivcis.  Waivers  are 
gtanled  lo  aviation  personnel  on  a  ca.se-hy-ca.ve  liasis, 


/’o-.u'illfv/  /it  (I  ,V‘i7iig('wiyiii  flit  'Th/'  Cliiiii  iil  /td.io  fin  Arntmi-dii-nt  Dt-rtiiim  A/utiiig'.  Agn7  /VV*/. 


;u;  Oic  physical  ic<.|uircnicni.s  uf  each  spccilic  avialion 
duly  and  aircraft  conmumily  UiH'cr.  When  a  diajyiosis 
or  medical  coiidilioii  is  considered  to  be  dl.'anialifyiiig, 
but  it  can  bo  dcumiiiiicd  tluU  tlto  individual's  hoaltli, 
crew  safety  and  mission  completion  would  not  be 
compromised,  tlic  granlinj;  of  a  u-oiver  is  considered 
I■'ul1llc^  consideration  is  given  to  die  age,  ex|)eiienee 
level,  and  aiicrall  t\pe  tloun  by  tlie  disqualified 
iiidieidiiid  Waivers  may  be  giimtal  with  .specific 
resli lotions,  such  irs  liinilalions  to  eeilain  aiieiait  types 
ruid  avialion  duties. 

All  physical  exaniination  suhniissions  luid  waiver 
requests  foi  U.S.  Navy  aviation  |)ersonnel  aie  leviewed 
by  tile  physical  standaids  departnient  of  NAMl  and 
tlieii  foivvarded  to  die  apiiropi  hite  s|K'Cialty  ainsullative 
dcpaitnieiit  for  fuidiei  review'.  Tlie  wiuvei  esaliialion 
pioeess  e.sruniiies  die  aeioniedieal  eoiise\|uenees  of  die 
disea.se  and/or  tieatiiieiit,  as  well  us  the  polenliiil  tin 
disease  leeuiienee,  and  eoiielales  the  lesiills  with 
knowledge  of  die  as.six.'inled  stiesses  iiilieicnl  lo  Naval 
Avialion.  'llie  physical  .sltuidaixls  ilepaiunent  dien 
makes  a  final  decision,  within  cm  lent  policy,  lo 
leconunend  or  not  leconmiend  a  wtuver  to  leluin  lo 
llqdit  status.  1bu  reconiinendation  is  dien  foiwtuded  to 
U.S,  Navy  liuieau  of  I’eisoniiel  Ibr  iiltiiiuiic  approval 
Ol'  disappiovid,  'Iliose  individuals  griuiled  a  waiver  aie 
.siilijeel  to  incietLSal  niedieal  scrutiny  in  Ihe  form  of 
nioie  fieqiieiit  or  iiioie  ''.stensivc  aviation  phvsieai 
esiiminaliuns  diaii  would  ollieiwi'ie  he  icqoiieU. 
I’eisoniiel  who  aie  denied  a  waiver  niiiy  appeal  the 
deeiiiion  via  the  Special  Ui.siid  of  I'hglit  Surgeons  at 
NAMl.' 

Since  ail  aviation  physic.d  examinations  are  sent  lo  a 
eenliall/exi  location  (NAMl)  for  review  and  pioa'.ssing, 
die  uppoiluLiily  to  compile  an  e.xlensive  database  on  die 
aeioniulietd  status  of  aviation  personnel  was  a|)parent. 
At  NAMl,  die  Aviation  Medical  Dala  Ketiieval  System 
(AMDRS)  funetii'iis  as  an  eomputeri/ed  repositoiy  of 
aeiomerlieal  daln."  Ihe  AMDRS  is  an  oiilgrowth  of 
die  U.S.  Aiiiiy  Aeioniedieal  Keseaieh  l.aboriloiv’s 
Avinlion  lipidemiologic  Data  Register.  'Die  AMDRS 
was  developcil  in  I'/H')  and  eiii  reiilly  eonlains  waiver 
iLila  liom  lySh  to  die  (iieseiit  and  iihysieal  extuninatiun 
submissions  on  idl  Naval  Aviation  personnel  extending 
back  to  lyyo.  IMiysieal  e.xamiiution  ilata  may  be 
submitted  from  bodi  lixiid  and  i  emote  sites,  allowing 
timely  entry  of  infoiiitalion  froiii  worldwide  liacations 
widi  central  review  tuid  eonlml  of  die  database.  Die 
AMDRS  lias  tbe  potential  to  be  utilized  to  perfonn 
cjiidemiologicid  studies  ;uid  to  validate  die  sliuidaids 
and  aeiomedierd  dispo.siiioiis  of  nviation  peisoiinel. 


An  lutalysis  of  the  nievlieal  tiiseases  luiil  eondilioiis 
eonsideied  disqnalilying  fr>i  (I.S  Naval  aviation  hies 
not  bexin  iiieviously  uiideitiUwn.  I’levioiis  aiitliois  luive 
exaniinexl  medical  dist|iialiliealioiis  for  die  Koyid 
Austr.di:ui  Air  I'orcc.'  Diilisli  mililaiy  luid  eiviliiui 
avialois.'''"  ('luiadirui  I'oiees  pilots. '■*  1  leiieh  iiiiline 
pilots,^  ll-S-  civil  aiinicii  ruid  aiiliiie  pilots.''^  luid  U  S. 
Ail  I'oive  aviation  |K'isiinneI  flic  foeiis  ol  dkse 

earlier  studies  w.es  piimaiily  on  pilots  luid  iiavigalois. 
wherexs  die  tiKiis  of  this  papei  is  on  all  aiieiew. 
including  pilots  (lieieallci  lel'eiivd  to  as  Naval 
Avi.itois).  (light  uDieeis.  Iliglit  siiigeoiis  and  eiilislal 
ruiciewineii  Uie  AMDRS  is  lepieseiilalive  of  die 
Naval  Aviation  |Kiptilation.  inehiding  neiomedieal  iLila 
on  ;dl  of  die  above  listed  (icisoiinel  types  The  iniipove 
of  diis  leixiit  IS  to  pie.sent  die  de.sCiiptive  epiilemiolopv 
of  disijiiiilifv ing  medical  eoiuliiiuns  in  l.<  S.  Naval 
avi.ilioii  peisoiiiiel 

j,  ^^l■;^llol)s 

I  be  eoiiipiileii/cd  dai.ib.ise  sy.sieiii  (.AMDRS) 
in.iiiilained  by  tlie  Nav.il  Aeiospnee  iiiid  Opei.ilioii.il 
Medical  Institute  was  the  soniee  of  .ill  medieal 
reeoids  used  i'l  this  iiivesligiilion  Ihe  wnivei 
sub.scetioil  of  the  AMDRS  eonlains  waivei  leqiiesl 
data  on  all  aviation  peisoiinel  who  liiive  heeii  rniiinl 
not  physically  qnalilied  or  iiol  neioiniiilieally 
adapted  on  a  staiid.ml  Iliglit  |ilwsie:il  vx.imiii.ilioii 
Siibseqneiil  physical  exiiiiiiiiiilioiis  on  an  iiiihviilii;il 
pievioiisly  gianleil  a  vviiivei  will  also  he  leeoided  in 
the  waivei  siibsi'elioii  of  the  AMDRS  All  waivei 
data  eiitiies  contained  in  Ihe  diiliilinse  ns  of 
Sepicniber  Dhl.l.  totaling  .Ib.onit  leeoids.  weie 
eligible  for  this  study.  A  eoinpiiler  dnla  tile 
eonlaining  the  aviation  iihysical  dale,  bntli  date, 
br.'uieli  of  seiviee,  Ivpe  of  physical  exanimutioii, 
medieal  diagnoses  (up  to  six),  nviiilioii  ilnlv, 
aeroniedical  disposition,  total  lliglil  hoiii':.  and 
waiver  sliilus  for  vaeli  leeoul  was  ohiaiiieil 

I  liese  leeoiils  lepiesciils'il  ihe  waivei  leqiiesl  dala  iif 
2t).-l‘i2  separate  iiulivuiiials.  wall  phvsieai 
ex.aniinatiuii  dales  exteinlmg  back  into  late  lUH') 
fhese  individtials  had  an  averngc  of  I jiliy  sieii! 
exaniiiiatiuns  leeorded  in  the  waivei  tialabiise  per 
person,  with  4(1%  of  individtials  having  two  or  iiioie 
waiver  dal:iba.se  entries  h'or  individunls  who  hud 
more  llian  one  waiver  database  entiy,  all  eiilnes 
were  reviewed  in  Ibeii  lii.storical  context.  It  was  then 
dclenniiied  wliether  the  individiiiil  li.ul  leeeived  a 
waiver  of  Ihe  physical  slaiidiirds  or  not.  In  sonic 
cases,  iiisuOiciciit  inroiniatiuii  was  piesent  in  the 
database  to  make  a  deicimination  of  the  present 


waiver  status;  tliese  1,495  individuals  were  removed 
from  the  study  population.  1,642  aviation  personnel 
who  had  been  found  not  physically  qualified  for  a 
specific  tyiic  of  aviation  duly  but  remained  qualified 
fur  any  other  aviation  duties  (such  as  a  Naval 
Aviator  who  has  been  assigned  to  a  restricted  fliglit 
status  for  atromedical  reasons)  were  also  removed 
from  tile  study  population  4hc  AMDRS  also 
contains  Right  physical  examination  and  waiver 
request  data  for  a  variety  of  personnel  otlier  than 
traditional  airerewnieiubers,  such  as  all  air  trafl'ic 
controllers,  civilian  support  persunnel,  air-cushion 
landing  craft  operators,  and  NASA  astronaut  and 
mi.ssion  specialist  candidates.  Records  from  1,542 
personnel  belonging  to  Uiese  groups  were  e.veluded 
from  tile  analysis  in  order  to  focus  the  study  on 
aircrew  peisonne! 

for  aviation  pe.'soniiel  whose  record  enliy  included 
more  than  one  diagnosis,  the  diagnosis  judged  to  be 
most  scriiius  was  elio.sen  us  the  eoiidilion  responsible 
foi  the  disqualification  A  database  eoniaiiiing  all 
diagno.ses  listed  in  the  liiteinalioiial  t'lassilkation  ol 
Diseases  manual  (l('I)-y-('M)  tutd  a  variety  of 
military  .uid  avmtion  specific  conditions,  totaling 
over  IS.IKIO  entries,  was  reviewed  uidepeiidetuly  of 
the  study  population  and  16  ni.ijor  diagnostic 
categories  were  developed.  'Ihe  niajoi  diagnostic 
ealegovies  are  listed  in  Table  1  An  additional 

TABLE  i.  UlACiNOSTK CATKC^RIj^S 
Cardinvasciil.'ir 
Dental 

Ueiniatolngv 

Kndoetiiie  /  .Metabolic 

Gasiro^'iiierology 

Oeiiitoui  inary 

i  leniatology 

li'fceliuiis  Diseases 

Mlseellaiieous 

Mliseulosl.elet.il 

Neoplasms 

Neurology 

Ophlleilmology 

(horlimul.iiy  ni'o’ojw 

P.syelnaliy 

Fulnionaiv 


eategory'  was  developed  to  account  for 
administrative  disqualification'-  from  aviation  duties, 
such  a.s  substandard  selection  test  scores,  incomplete 
physical  e.-saminalions,  anthropumeliic 

ineo'iip.atibilitie.s,  leriiniiation  from  aviation  duties 
for  adii'inistralivc  reasons.  or  voluntarily 


disenrollmciu  f'om  further  aviation  training.  7he 
1,379  individu:.;.;  who  fell  into  this  eategory  were 
eliminated  from  tlic  study  because  their 
disqualification  was  not  due  to  an  acromcdical 
decision,  but  instead  were  due  to  an  administrative 
action.  This  selection  process  resulted  in  a  final 
study  group  containing  the  records  of  14,294 
separate  individuals  which  were  subsequently 
analyncd. 

Records  were  tlicn  categorized  into  two  major 
gioups,  consisting  of  tliosc  who  were  recommended 
for  a  waiver  of  llic  applicable  acromcdical  sUuidards 
(the  “Waiver”  group),  and  tJiose  who  were  not 
recommended  for  a  waiver  (tlic  “No  Waiver” 
group).  Individuals  in  each  of  tlic  two  groups  were 
then  classified  by  diagnostic  groups  wiibin  each  of 
the  major  diagnostic  categories,  oy  age,  by  primary' 
aeronautical  duty,  and  by  branch  of  service  Age  at 
the  time  of  physical  c.xamination  was  used  for  this 
study.  Comparisons  of  waiver  frequencies  among 
selected  populations  were  made  using  Clii-sqiiare 
(..\'’)  tests  for  categorical  vari.nbles  and  Student’s  t 
tests  for  continuous  variables.  Stalishcal 
significance  tvas  set  .at  tlie  0.05  level,  two  sided 

4.  RKSIILTS 

Table  2  presents  the  major  demographic 
eharaeterisliea  of  tlic  two  group.s  within  the  study 
sample.  Statistical  comparison  of  ihe  mean  age, 
(liglil  hours  and  diagnoses  per  physical  is  shown  m 
Table  3.  Of  the  14,294  aviatioa  personnel  included 
in  the  study,  9,437  (66%)  had  been  recommended 
tor  a  waiver  of  Uieir  medical  disqualification  As  of 
'  January  1994,  tlic  remaining  4.857  (34%)  had  not 
been  recommended  for  a  waivei  Aviation  per.sonnel 
who  had  been  medically  disqualified  and  nol  granted 

TABLE  2.  DEMOORAPDIC 
(  IIARACTERLSTICS  OF  NPQ  &  NAA  NAVAl. 

AVIATlO.'i  PER.SONNEL _ 


No  Waiver 
(irouji 

Waiver 

(UUIIIJ 

I'lii.ii 

Numl>cr 

4X57 

7-1. 37 

142'M 

Diapio-scs  jHJi  |iliy.sit;il 

1  74 

!.2{. 

1.42 

Mirnii  ago 

3(1  0 

32  1 

31  4 

Moaii  total  ilight  hours 

4yf.5 

KMX.S 

X61  0 

itSMC  % 

K.  1 

17  1 

16  X 

l.'SN  % 

76  X 

77.1 

7X  .1 

Naval  Avinti'is% 

i*j.y 

.3.3.6 

270 

Nyval  l  lighlOilUois % 

‘).'l 

14  (I 

12.5 

Naval  Might  Surgccjiis  V<i 

ns 

2.5 

1  V 

Aircrew  % 

40.3 

2X  .3 

32  3 

iVsipnatcil  % 

7(I.X 

7S.4 

75. S 

Students  % 

21  6 

24.2 

TABLES.  COMPARISON  BY  DIAGNOSES/ 
PHYSICAL.  AGE  AND  TOTAL  FLIGHT  HOUR.S. 


Waiver 

No  Waiver 

p  value 

Mean  (SEM) 

Mean  (SEM) 

Diagnose  s/Fli 

1.3  (0.01) 

1.7(0.01) 

<0.001 

Age 

32.1  (0.08) 

30.0(0.14) 

<0.001 

Flight  Hours 

1048.5  (15.6) 

496.5(17.4) 

<0.001 

a  waiver  weic  significantly  more  likely  to  luive  more 
diagnoses  recorded  at  tlic  tin;e  of  tlicir  physical 
examination  (1.7  di.agnoses/physical)  tlian  those  who 
were  granted  a  waiver  (1.3  di.agnoses/  physical).  In 
addition,  medically  disqualified  personnel  were  of  a 
younger  average  ago  and  had  less  flight  e.xpci  icnce, 
and  tire  difference  was  statistically  significant,  "fhe 
proportion  of  Marine  Corjjs  to  Navy  [rcrsonnel  in  the 
study  groups  was  not  significwtly  diilerent. 

Table  4  presents  a  listing  of  die  primary 
disqualifying  diagnoses  classified  by  diagnostic 
groups  within  tire  ni.njor  diagnostic  categories  for 
each  of  tlic  two  study  groups  and  represents  the 
basic  data  used  throughout  the  rest  of  this  paper. 
Diagnostic  groupings  were  chosen  to  incorporate  the 


diseases  seen  most  frequently  within  a  category.  All 
diseases  which  occurred  more  than  10  times  in  the 
total  study  population  were  assigned  to  a  specific 
diagnostic  group.  Diagnoses  which  were  seen  in  less 
tlian  10  individuals  were  incorporated  into  tire 
miscellaneous  group  of  tire  appropriate  diagnostic 
category.  In  addition,  tiro  proportions  of  personnel 
witliirt  die  diagnostic  groups  who  received  a  waiver 
were  calculated.  Based  upon  diis  data,  the 
frequency  distribution  of  ])crsonncl  widiin  each  of 
die  major  categories  was  tabnhated  and  is  presented 
in  [•'igure  1 . 

Ophthalmologic  conditions  accounted  for  die  largest 
percentage  of  disqualifications  in  aviation  personnel 
not  reconimended  for  a  waiver,  representing  14.8% 
of  die  total.  Otolaryngologic  di.ngnoscs  were 
responsible  for  ne.xt  largest  group  of  medical 
di.sqiialifications,  accounting  for  12  8%  of  the  total 
personnel  not  granted  a  waiver.  I’sycliialric 
conditions  and  other  diagnoses  (disc.ases  not  readily 
classified  in  any  of  the  single  organ  system 
groupings)  were  the  diitd  and  fourth  most  common 
conditions,  each  accuimting  for  118%  of 


EIGtIRE  1,  DIAGNOSTIC  CATEGORY  DIS TKIIHJTION  KOR  WAIVER  AND  NO  WAIVER  (iRDHPS. 

Ophthaltnology 
Otolaryngology 
Psychiatry 
Other 
Musculoskeletal 
Neurology 
Cardiovascular 
GenHourinary 
Gastrointesttnal 
Pulmonary 
Enooaine/Metabolic 
Neoplasms 
Dental 
Hematology 
Dermatology 
Infectious  Diseases 

0  5  10  15  20  25 

Percent  of  Total  in  Croup 


TABLE  4.  CLASSIFICATION  AMD  WAIVER  PERCENTAGE  FOR  DIACNOSTIC  GROUPS. 


1  Diagnostic 'Category---. 

■  Diagnosfic  Groups  ;‘V  - 

.U  -r  ^IP 

■  ‘Group*  ' 

,  i\^Vydfyer ; • 
'Group  • 

T  oital 

•  T-PQrcQp.t ,.  ,1 

•  ^Waived  1 

Cardiuvusculur 

CajdioiiiyopntJiy 

4 

7 

11 

63.6% 

CoKcluctiuii  Dibtiuhunccs 

10 

II 

21 

52.4% 

Cuiigcnilul  Defect  >  I  kail 

13 

17 

32 

53.1% 

Ooioiwiy  Aitciy  Disease 

37 

19 

56 

33.9% 

i>ysrliylliiiiias 

w 

112 

210 

53.3% 

Ilypcrtciisiim 

ISfi 

426 

5X2 

73.2% 

MiscclIuiLxiiLs 

2R 

17 

45 

37.X% 

Valvular  Disease 

f.7 

141 

im 

67.8% 

Vascular  Difioaxc 

13 

33 

Ali 

71.7% 

Dentil] 

50 

17 

07 

25.4% 

Denmilology 

Miscdlaiicuus 

.21 

36 

57 

63.2% 

IVaiiiasis 

n 

45 

5K 

77.6% 

/  McUbolic 

Diahclc-i  Mclliltis 

30 

13 

43 

.10.2% 

(niUl 

10 

44 

54 

HI.  5% 

I.ipiil  l^isoiilcis 

12 

47 

59 

79.7% 

Mclalmlic 

7 

V 

16 

56.1% 

MisccIlniK'cms 

K 

7 

15 

46.7% 

Tluioiil  Diwiisc 

II 

92 

11)1 

X9.3% 

(la.slioiiilcsliiuil 

l;su|)lia}:c.il  1  liscasc 

u. 

51 

6/ 

7(1.1% 

UasliuiiUcslin.il  lUccilin^ 

7 

29 

16 

80,6% 

IlLpalili.s 

H 

7 

15 

46,7% 

liennu 

3u 

3 

.19 

7.7% 

hiiUiblv!  Uiiwd  Syiuiiuiiic 

7 

II 

IS 

61.1% 

Mi.scclhuicous 

2') 

3(. 

65 

55.4% 

IV'iUic  Ulcer  Disease 

n 

126 

159 

79.2% 

Ulcciiilivc  Uolili.s/Cmlms  Disease 

17 

49 

<!<• 

74.2% 

tiuiiilotuiiiujy 

Uvnocul.ipv 

2 

U 

M 

K.s.7% 

1  Iciii.'UdMti 

1 1 

63 

7X 

Xl.1% 

Misvclliincuiis 

IK 

2K 

46 

60.9% 

I’lost.ili- 1  tisense 

K 

X 

16 

50.U‘% 

Kcnal  1  )iscasc 

*} 

31 

42 

7K.()% 

Drolilliiasis 

113 

624 

719 

K4.4% 

Ilciiiulolugy 

Aiiciimi 

22 

50 

72 

69.4% 

1  Iciiiuulul>iiiu]>iitliios 

7 

14 

41 

82.9% 

MisrclUuicuus 

(, 

9 

15 

60.0% 

SUiliis  l\)sl  S)ilciicclciiiy 

1 

14 

15 

9.1 .1% 

lluotiilvicvtoponia 

4 

(i 

10 

(.(l.0''4. 

LifcctiouH  Discuses 

l-'ungnl  Disease 

7 

46 

51 

Kh  87.. 

1  Icrpclic  liila'limis 

U 

20 

2.6 

7(..9%. 

IIIV  [iireDmu 

n 

1 

14 

v.ir. 

Miscclllllic'iui.-; 

•1 

12 

21 

57,1% 

Musculoskeletal 

Aillinip,illik-< 

3*' 

6X 

124 

54.8% 

1  }isiiiili‘is  (]|  (lie  Spine 

32 

90 

122 

7.1  8% 

Ikmiuted  Nucleus  rnipusis 

110 

rn 

4X7 

77.4% 

Knee  1  lisuulci:: 

UK. 

271 

379 

72.0% 

1  jnih  l-'iacUiics  /  Disliicaliuiis 

33 

<•2 

1 17 

.33  0% 

1  u\v  Duck  ruin 

3K 

V 

47 

19  1% 

MiscelliiiK'Diis 

40 

60 

100 

(0,0% 

Kclained  i  )ithu|X'dic  liujdvviue 

II 

l6l 

172 

91.6% 

SliouMei  DisorJci.s 

33 

K7 

120 

72.5% 

Sufi  1  ISSIII-  llljuiU'S 

31 

25 

56 

4-1  u'Yu 

Ncuplusins 

!  )i'iiii:ih)l«)py 

(, 

63 

7t 

91  5% 

Da.shiiiiiiesiiii:il 

H 

7 

15 

46.7% 

tieiiiiuiinnaiY 

14 

40 

54 

74.1% 

i  leiiaUulupie 

n 

2K 

41 

6S  1% 

Miseciliiueoiis 

n 

42 

55 

76.4% 

C'eiUitil  Nci  Virus  System 

(} 

6 

12 

50.0% 

TABLE  4.  (CONTINUED) 

CJ  ASSIHCATION  AND  WAIVER  PERCENl'AGE  FOR  DIAGNOSTIC 


;  “ilsjoijWaJ.yw.;; 

'■  Oroup  / 


I  Dipgnpstic  C.itogory  .,  Diagnostic  GroOp's 


Ncurolugy 


OiilUlmiinulo^y 


(Xoiujyiigoiogy 


i’^(yl;lllalIy 


iMliiiuiiuiy 


Airy  MoUon  ^Sickness 
Ccicbiava^icular  Uisca^jc 
l>icoin})/tiSi>iuii  Sickness 
Dcuiyoiuuitiiig  Disoa&c& 

LiCocliun 

lutracratiiul  Injmy 
Uliti  oi'CotuiciuiLiuoiiy 
Migraine  /  Hauloclic 
Miscelluncoim 
Pmiplicrul  Ncivc  DiiH.‘a.sc 

Sci/UiC  Disnidci 

Spinal  Curd  Disorder _ 

Ciilnract 

Color  Vision  iXrrKioiicy 
Cuiuciil  Disuiilci 
IX-lcclivo  Sleioopsia 
l^xiiuucnlui  Moiilily  l^isurJcr 
Cjimicuniu 
Iiis  Disuklci 
Miscdluiicou.s 

Udiuction  /  A«:caHnntKlalion  Distiida^ 

Rciinal  Disvasc _ _ 

Alloi^y  /  Anu|'liyla>i.s 
ikuoli.iUKiii 

IlciP  I'xhiKislioii  /  IK'al  Stiukic 
llyiiK'noptci.'i  Sliug  Alioigy 
Mcilicalioii  Use 
Mi.'icdluucous 
Ulvaity 

AUcivie  Uliiiulis 
Cholc;ik'alolinj 

)'!ustuchiun  Tuk*  DysriiiiUion 
llciuiiig 

IniiL-i  ]uu  Disease 

Misrdl/incous 
Nasal  I’olyps 
Uiiti.'i  Malia  /  IvNlciiKi 

Sians  I  jiscasc _ 

Adiusliiictil  DiMiultas 
Alcoluil  IX’pi.'iKiciu'c/Almse 
Aiixiely  D‘souk'is 
Depressive  Disunieis 
lailiiiy,  Disoiilcrs 

Real  ori-'lyiiiy.  y  Doss  orMotivaiion 
Dcaiiiiiig  Disoideis 
Miscclhiiieoiis 

Oliici  .SnbsiiiiK'i;  Ikpinuieiuc  /  Ahiisc 
Veisoiijility  1  )isi)iilij<syriaiis 
i'lioliias 

_  Somnanibnli.an _ 

Asllinm 

euro 

MisedluuL'uus 

I'nciunuilioiux 

SuTLOtJu.iis 


toUil 


dS57 


■i  jN,a)ye^;,- 
'-Group' 

I- 'Total, 

‘WaiYod,  1 

16  139 

11.5% 

» 

11 

72.7% 

67 

98 

6K,4'J^ 

s 

11 

45.5% 

6 

:i 

54.5% 

HI 

13(1 

60.3% 

Ih 

.S.I 

49.1% 

Mil 

301 

4K.5% 

7M 

40 

50  0% 

i‘> 

.1.1 

57.6% 

4 

fi6 

7.1% 

III 

15 

66.7% 

44 

57 

77.2% 

K2 

l(>l 

50.9% 

-Vi 

59 

61.0% 

•1(1 

94 

42.6% 

.1(1 

4K 

62,5% 

5H 

75 

77, 1% 

11 

18 

77,S'% 

2(; 

2X 

71.4%. 

1(106 

II.K4 

.59.7';t 

<*4 

S2 

7x.0%, 

15 

25 

('().()% 

4 

12 

3.i..vy. 

1 

fi 

.5O.0'/o 

53 

73 

72.6% 

:•() 

77 

72.7% 

20 

48 

41.7% 

•III. 

919 

47.4'/. 

IK't'l 

2M5 

X6.4% 

2(1 

24 

X3.3'/. 

12 

125 

9  U"/» 

2'l'l 

302 

XO.X'/. 

I'l 

.51 

1.1.3'/. 

(•7 

91) 

74, 'I'/. 

2V 

41 

67  4'X, 

12 

19 

1. 1.2% 

114 

211 

5.1.5'/, 

59 

5.1'% 

470 

1.11 

(t 

55 

10.9% 

2<. 

(t9 

17.7% 

4 

Id 

400% 

0 

28 

0.0% 

I 

n 

9  I'l'f. 

S 

52 

1  5.4% 

222 

lul 

84  7% 

1 

82 

1 .2% 

4 

19 

id  v:-', 

(> 

16 

17.5% 

.*>5 

125 

44.0% 

16 

20 

Kl).(l% 

2V 

61 

46.0% 

46 

57 

so,  7% 

22 

31 

71  0'% 

'M 17 

14294 

6(1.0% 

V7 


disquuMficatiuns.  In  coiUiast  tu  liio  iioii-waivcd 
gruup,  tlic  nioiit  iVcquciit  conditions  rcconuncnJcd 
lor  waiver  were  I'tolaiyiiBologie,  oplitlialinologic  and 
.'.msculoskclcUl  discuses,  lepresenling  25.07o, 
14.8%,  and  12.7%  respectively,  'lliese  thice  disease 
categories  accounted  for  over  one-liulf  of  all 
condiiioiU)  I'cconunendcd  fur  a  waiver. 

TABLE  5.  DIAGNOSTIC  CATECUKIES 


BV  AGE  GKOUHS. 


Uiiiifnoiitlc  Catc^oi-)' 

l7-2’7 

311-39 

40+ 

Total 

Cardiovascular 

317 

4ltl 

4X4 

1211 

Uciitul 

31 

IK 

18 

(.7 

fterinalolugy 

53 

27 

115 

kndociiiic  /  Mctabulie 

5.^ 

'12 

U.'i 

2 ‘JO 

Ga.stroiutcstjiiul 

137 

ill/ 

Kil 

41.5 

Cciiuouiiiiuiy 

283 

3(i7 

285 

935 

i  (ciuatology 

75 

4?. 

3(1 

153 

Infectious  Uiseascs 

55 

45 

14 

114 

Musculoskeletal 

747 

559 

•tlX 

1724 

Ncuplusnu 

42 

98 

lUK 

248 

Neurology 

511 

251 

142 

904 

Ophthaliiiolugy 

M.U 

489 

384 

23iUt 

Ollier 

5(ill 

■^(iS 

1  Kid 

Oluliiiyiigolegy 

2018 

(.Ml 

2982 

I'syciiialiy 

777 

■107 

i-tii 

1.12-4 

I'liliiioiiaiY 

137 

87 

72 

29(1 

Totals 

722‘i 

411'  ’. 

2993 

142‘/4 

lablc  5  piescnts  Uic  age  group  bieakdcjwn  of  the 
total  study  population  wiiliin  each  diagnostic 
catcguiy.  'Ilie  age  distribution  ul'  tlic  entire  study 
population  is  skewed  towards  the  17-2y  year  old  age 
group,  which  mirrors  the  geneuil  age  distribution  of 
Oie  active  duly  population.  In  general,  the  age 
distribution  ol' each  diagnostic  eategoiy  parallels  the 
age  distribution  of  the  study  population,  with  the 
etcceptiun  of  cardiovascular,  eiidociine/nietabulie 
disorders,  and  neoplastic  diseases.  Hiis  is  not 
unexpected  considciing  that  eoiunaiy  aileiy  disease, 
hypertension,  diabetes,  lipid  disordcis  and 
malignancies  are  more  picvalont  iti  older  age  groups 
lire  4U I  age  group  represents  2 1  %  of  the  total  study 
population  and  aeeuunted  for  20%  of  jiersonnel 
denied  a  waiver,  lliis  was  in  inaiked  eontrasl  to  the 
study  of  USAI'  niedieal  disqualifieatiuiis  by 
Wliitton,  in  whieh  the  over  40  age  gi  uup  accounted 
for  55%  of  disqualinealions.'’  It  is  hv|)olhesized 
tliat  tills  dilVeieiice  is  due  tu  a  dilVeienee  iu  study 
populations;  Whilluii  studied  only  designated  pilots 
and  navigators  while  litis  study  includes  a  large 
proportion  of  younger  enlisted  airciewnien  and 
student  aviation  peisunuel. 


TABLES.  DIAGNOSTIC  GROUI'S  MOST 


LIKELY  TO  BE  WAIVED. 


DIagiinstic  Griaip 

Percent 

Waived 

Uc\uiiicd  Oitho|>cdic  Hardware 

93.6% 

Sluluii  Post  Splciiccloiny 

93..3% 

Ucriiuitologie  Neoplasms 

91.5% 

Thyroid  Disease 

89.3% 

iMiiinal  Disuisc 

86.8% 

Hie  diagnostic  groups  must  and  least  likely  to  be 
waived  were  c.xti  acted  from  Table  4,  raiik-oidcred 
and  arc  presented  in  Tables  b  tuid  7  respectively. 


Retained  uiliiupcdic  hardware  was  tlic  eoiiditiuii 
most  likely  to  bo  waived,  being  waived  in  ahiiust 
d4%  of  tlie  172  persuiiiiel  witll  the  condition. 
Current  U.S.  Navy  aeruniedical  standards  stipulate 
tluit  retained  liaidware  is  disqualifying,  but  a  waiver 
is  ea.sily  gianted  if  Uio  urtliopedic  iiijuiy  is  tieakal 
and  tbeie  is  no  iinpaiinieiit  of  mobility. 
Spleiicetomiocd  individuals  and  deiiiialologie 
neoplasms  weie  llie  second  and  lliird  must  lieqiiuiillv 
waived  coiidilioiis,  being  waived  '73.3%  and  'M.S'Ju 
of  the  time  rcspeetivciy. 


TABLE  7.  DIAGNOSTIC  GUOUI’S  LEAST 
LIKELY  TO  BE  WAIVED. _ 


Uiagiiostiv  Group 

PereenI 

Waived 

hear  of  h'lying  /  Loss  ul  Motivaliuii 

11.0% 

I’eisuiuilily  Disuideis/Tiails 

1.2% 

AdjusUiiciU  Disordci 

5.1% 

Sci/ute  DiMiidu 

7.1% 

HIV  ntsca:iC 

7.1% 

hear  of  Hying  or  loss  of  motivaliuii  to  lly  is 
univeisally  acknowledged  us  lieing  ineulli|iulible 
witll  fuilhei  aviadoii  seiviee  and  was  the  condition 
least  likely  to  be  waived,  wiUi  no  waivers  granted 
uiiioi’g  tlie  28  peisunncl  witll  this  condition.  The 
p.sycliiattic  conditions  of  pei.sunulily  disuidcis/iiaits 
and  aujiistnient  dhsoiders  were  the  next  least  likely 
groups  to  be  waived,  being  waived  only  1 .2%  luid 
5. 1%  of  tlic  lime  icspoelivcly.  In  gcneial,  individual 
with  these  cunditiuns  arc  nut  suitable  fur  cuiitiiiiied 
iiiilitaiy  SCI  vice  and  aie  only  rarely  waived  tu  leiiiaiii 
in  iliglit  status. 

An  unexjieeted  finding  was  tliat  seizure  disorders 
and  IIIV  iufecliun  were  waived  in  rare  eases.  Tliese 
waived  eases  were  tltcii  individually  reviewed.  Tlic 
four  case*  of  seizure  disorder  were  waived  for  a 
single  seizure  due  tu  some  temporal y  or  reversible 
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cnviroiUDCUUil  causi:.  71iu  uiii;  waiver  granted  ro  an 
HiV  intdetud  aviator  was  nut  due  to  a 
rcconmiciulation  for  waiver  approval  by  NAMI,  but 
waii  tlie  result  uf  an  upj>eal  to  a  higher  non-niedienl 
auUioiity. 

I'roni  1'able  d,  die  diagnustie  groups  must  liliely  to 
luve  waivers  reeonunended  and  not  reeununended, 
respeelively,  were  extiaeted  and  lank-urdeied  and 
arc  presented  as  Tables  8  and  d. 


TAULK  8.  MOST  FKKOdENT  UIAGNOSI  1C 
GHOtIPS  HKrOMMKNDf.O  TOK  WAIVKH. 


Diagiiuslie  Group  Number  of 

_ lIlHUniiscs 

Alleigie  ihiiiilis  1X44 

Uisordcis  ut  teliaetiun  /  ueeuniinodoliuji  KKKi 

Urolithiasis  (i24 

Aleohul  dependenee  /  abuse  470 


Obesilv  (weight  exceeding  siamhirds) 


Keiraclive  and  aeeununudative  eituis  weie  noted  to 
be  bulli  die  inusl  frequently  ueeuiring  di.ignuslie 
group  not  leeunnnended  fur  a  waiver  and  die  second 
most  liequeiit  gioup  leeoininended  <'ur  a  waiver. 
Ibis  is  in  line  with  the  sliiet  vision  sliuuiaids  loi 
aviation  personnel  and  the  need  tbi  close  Ibllow-up 
of  individuals  who  fall  outside  uf  the  standards  and 
are  eligible  foi  waiver.  In  geiicial,  designated 
pinsoiiiiel  widi  reiiaelive  criurs  ate  fieqiiently 
giuiited  a  waiver  while  uvialiua  eandhlaies  and 
student  aviators  are  less  likely  to  be  waived 


1  AUbK  •».  MOST  H'UkigUltlN'I  DIAGNOSTIC 
Guolirs  NOT  KKCOMMMNUCU  KOK 


_ _  WAIVKK _ 

Dlagiimlie  Grinip  Nunilier  uf 

_ Diagnuse-c 

Uisuideis  of  teliaetiun  /  aeeoniinodatiun  (>7X 

Obesity  4X7 

Allc'gie  rliiniUs  2‘Jl 

Aleohul  dc|>cndeiicc  /  abuse  171 


Obesity  was  die  second  most  fieqiiently  oeeuiiiiig 
diagnostic  group  Ibi  individuals  not  gi anted  a  waiver 
and  die  fifth  must  lieqiiciil  diagnosis  in  waived 
individuals.  Iliis  uppuient  diehutuiny  can  bo 
explained  by  an  understanding  ol'  individual 
diagnoses  euntaiiieJ  wiliiin  this  gruiqj.  The 
diagnostic  group  ufuliesity  includes  die  diagnoses  uf 
not  only  obesity,  but  also  of  weight  exceeding 
aviation  and/or  military  standards.  Individuals  who 


exeexi  weight  standards  can  be  waived  if  diey 
odierwisc  niaiiitain  an  acceptable  body  physique,  are 
in  good  physical  condition,  and  dieir  weight  and  size 
docs  not  compiuiiiise  aviation  safety." 

Allergic  rhinitis  was  die  must  frequent  diagnosis 
uiiiung  pcrsoiuiel  granted  a  waiver,  the  diird  most 
ficqueiitly  uecurring  for  diose  not  rceoniniended  a 
waiver,  and  tlic  most  frequently  ueeuiiing  diagnostic 
group  cvcrall.  Allergic  rhinitis  is  a  cunmioii 
disoidcr  that  is  pulcntia'ly  disrujitive  to  aviation  duly 
if  the  condition  occurs  irequeiitly  or  for  prolonged 
peiiods  of  time,  llic  diagnosis  or  liistoiy  of  alleigie 
iliinilis  alfei  age  12  is  consideicd  disqualifying  in  all 
aviation  personnel,  but  is  readily  waived  for 
individuals  who  aie  niininially  syintituiiiatie  or 
asyiiiptoinatic.  Idle  e.xisliiig  NAMI  ciiteiia  for 
estalilisliiiig  the  diagnosis  are  euiiently  under  leview 
to  deleiiiiine  if  a  uiuie  relaxed  standard,  which 
would  result  in  less  disqnalifientiuiiM,  would  he 
aiipropiiiilc. 

A  hi.stoiy  uf  alcohol  dependenee  or  abuse  was  the 
liniitli  most  frequent  diagnostic  group  for  peisoiiiiel 
both  giiuiled  u  waivei  and  those  not  icconinieinlcJ 
foi  waivei.  As  in  the  gciieiul  popiilutioii,  this 
eondition  is  eoniiiioii.  Diagnosed  aviation  pei.suiincl 
who  successfully  eom|ilele  a  |iieseiitied  ticalnieiit 
piogiam  may  be  guuited  waivei  subject  to  close 
aeiuiiiedical  muiiitui  ing. 

Ilyiiei tensive  disease  was  the  fillli  most  coiunion 
diagnosis  among  individuals  not  reeuiiiinended  fur  a 
waiver.  In  addition  to  Uie  disease  itself,  iiicdicalions 
used  to  deal  this  di.sotdcr  uic  disqiialiiying  for 
aviation  duly  due  to  the  possibility  of  advcisc 
leuelions  ui  uiidcsiiable  side  etfeels  Tieiiled 
individuals  who  aie  iiuiiiiuteiisive  and  on  a  stable 
dose  uf  an  approved  iiiedicatiun  may  be  granted  u 
waiver  to  .'eliiiii  to  flight  duties. 

Uiolitliiasis  was  Uie  lliird  most  euiiiini.ii  diagnosis 
among  aviation  peisoniici  griuiled  a  waiver. 
Keeuireiit  leiial  and  uieleral  calculi  are  a  potential 
cause  of  iiillight  iiieaiiaeitatioii  among  suseeptilile 
individuals.  Airciew  who  have  had  uii  iiiiliul  episoile 
uf  urulitl'.iasis  require  a  llioiuugh  iiietabolie 
evahialiun  prioi  to  being  giuiiled  a  waiver  to  leluiii 
to  night  dudes. 

Table  10  shows  tlic  study  gioups  elassifierl  according  to 
tlieii  piiniaiy  aviation  duly.  A  eompiui.soii  ol  tlie 
waiver  rates  fur  desigiuiled  ;uid  sludeiil  (non- 


TABLE  10.  AVIATION  DtITV  CLASSUICATION. 


DFSIGNATL'D 

STUDliNlS 

Tulal 

Group 

AC 

NA 

NI'O 

NFS 

SNA 

SNFO 

SNFS 

No  Waiver 

1951. 

908 

473 

41 

992 

385 

42 

4857 

Waiver 

2608 

3173 

1320 

234 

1401 

380 

201 

9437 

Horeent  waived 

57.7 

70.0 

73.6 

85.1 

59.6 

49.7 

82.7 

60.0 

Tohd 

4024 

4141 

1793 

275 

2453 

705 

243 

14294 

AC  •  Airerowiiiau,  NA  ”  Naval  Aviator,  NI'O  •  Naval  I'liglit  OlVicct,  N1'‘S  =  Naval  Miglit  Suigouu, 

SNA  “  Student  Naval  Aviator,  SNi'O  ”  Studiiiit  Naval  Might  Oiricct,  SNl'S  “  .Student  Naval  Might  Suigcoii. 


designated)  avtalioii  la.rstaiiiel  was  [wrlbnnud  ami  i.s 
pioseiiUxlinV.ablc  II. 

TABLE  11.  COMI'AKhSUN  OK  WAIVEK 
KIUIQIJENCV  KUK  DESIONAl  EU 
VS.  siiiuy,NTt;KOiip.s 

I'uieenI 

_ Ciiuii|i  Waiver  _ No  Waiver  Waived 

Ue.slgnatud  14.1K  otl.] 

Studciils  211-12 _ 14M _ .W.tt 

Olt“  1.4'A  V3%CI  •'  1.3V  to  l.Ol,  (XO.tKH  two  silled 

Designated  pvasoiuiel,  us  a  gioup,  vveie  sigiiilieanlly 
tiioie  likely  to  be  waived  titan  studuits  (OK.  -  1.49). 
lliis  Ls  eonsisleiit  witii  euuettt  waiver  guidelines  wliieit 
reiitxt  tla;  aaoniudieid  (.'hilosupliy  ul'  being  willing  to 
ueee]>t  inure  ri.sk  of  disease  in  tiained  and  e.s|)<  i  ieneeil 
aviation  iieisunnel. 

Ui'Vartate  analyses  ul'  tla:  dilleienees  in  waive)  lates 
between  tlw  v.uious  S|ieeiijc  aviatiun  duty  gioups  weie 
jieiiuinied  aial  tlte  lesults  ore  shuwn  in  I'uble  12.  Odds 
latius  (OK)  ate  aixated  fui  eaeh  euiitiau'i.suit. 

Sigiiil'ieant  diileiutees  weie  nuled  between  all  piinuuy 
aviation  duty  gioujis  aiialy/ed  As  a  gnutp,  Navid 
Aviatois  weie  inoie  likely  to  be  guuiled  waiveis  tluin 
Naval  Higlit  Ollieeis  (OK  I.IS)  ;utd  Navid 
Airetetvnien  (OR  2..3S).  Naval  I'light  OHiuas  weie 
also  ntore  likely  L)  be  waived  tlLui  aiieiewnien  (OK  ■ 
2.04)  Naval  I'light  Suigeons  weie  signilieiuilly  tnoie 
likely  to  be  granted  w.uveis  tluai  luiy  otlwr  group, 
iiieluding  Nuvai  Aviators  (OK  “  1.73),  Navid  Flight 
Ollieeis  (OR  ■=  2.04),  luid  aiieiewnien  (OR  =  4.17) 

AltJiuugli  tliese  dilleienee:;  in  \vaivia  tales  lor  seleelod 
aviation  duty  groups  weie  sliotvii  to  be  stalisdeally 
signilleant,  it  iniglit  be  mote  useful  to  look  at  die 
dilletenee  in  waiver  rates  lui  sjieeilit  tliiigiioses 
anuxigst  tire  v.uious  groups. 

Lindtatiuns  of  dii'J  study  included  a  nuinbei  of 
ineoiliplete  leeuids  ut  die  inilial  study  |)optil:tlioii. 
M.iiiy  of  tliese  ineonipkitc  diiliihiLse  taili  ies  weic  due  to 


TABLE  II.  WAIVER  STA1  US  H)R  SELECTEU 
_ AVIAI  ION  DUTY  CKOIIKS. 


(jlOlip 

W;i(vcr 

No 

Waivvr 

OK  (9.5%  Cl) 

value 

c> 

.3173 

1320 

yiiK 

473 

1.18(1.03-1.33) 

0.1)13 

NA 

AC 

3171 

2(i0K 

1950 

2.38  (2.17-21.3) 

•;  li.tXIl 

NA 

3173 

SNiK 

0.57(0.40-<I.B1) 

•  IMXIl 

Nl'S 

234 

41 

NA 

3173 

yoK 

1.92  (1.75-2.08) 

V  0,001 

All 

4222 

2'i70 

Olhci 


NI'O 

1320 

471 

2.04  (1.82-2.33)  vo.txil 

AC 

2(8.8 

19.5(, 

NFO 

1320 

471 

0.49(0.34-0,70)  <0,18)1 

Nl'S 

234 

41 

die  liiet  tlut  ixuiijilele  physical  e.xaiiiiiuUioii  J.ila  was 
nut  entcied  on  all  individuals  uiilii  1990;  KVoids  lioiii 
I9S7  to  1990  iiieludevl  only  specilie  wiiivei  iiiluiiiiiiliuii 
luid  weie  missing  geneud  deiiiogiiipliie  diiUi,  Ihe.se 
limiUitiuns  wvic  aecounled  fui  in  luinly/.ing  die  dnlii, 
wheie  out  of  20,3.32  individu.ils  in  die  waivei  file, 

1 ,495  (7.4%)  wvie diseiuded  due  to  iiieuniplele  leeoi  Js. 
It  is  unknotvn  wlial  eiVeet  lids  may  lutve  luid  on  die 
lesulls.  Siiiee  tlic  database  only  ineludcs  aviiiliuii 
physical  exaininatioii  data,  it  is  jxissible  dial  aviation 
jiersoiuiel  widt  sevete  ot  disablirig  ntedje.d  conditions 
wlio  ate  inunedialely  ranoved  fioin  llighl  status  will  nut 
liave  a  liiud  uviiitiun  physical  subinitlwi  to  the 
database,  lids  would  lead  to  systeinatie  uiidene|Hiiting 
of  seiious  disease  williin  all  avialioii  eiileguiies.  A 
substandid  pioixiiliun  of  individuals  who  weie  only 
lecently  re|Kirhxl  U  luivc  a  disqitidilying  eoiidiliun  luid 
weie  not  giaiiled  a  waiver  may  yet  be  giiuited  a  widvcr, 
allowing  for  re.solution  uf  ilicir  disease,  eoinplelion  uf 
tieutineiit,  or  adminislralive  delays  in  tlie  |iux.vssliig  uf 
tlieii  waiver  leqne.sis. 


7.  BEKEKENCKS 


Due  to  the  unavaibbility  of  population  stalislics  fur 
aviation  duty  groups  at  tlw  tiiiic  of  tliis  study,  victual 
piovakncc  and  inoidaicu  rates  were  uiuble  to  be 
calcubtul.  Ihis  data  sliouUl  be  ubUtinatde  iiuiii  udier 
sources  and  will  be  ie,xiru.'d  in  future  studies. 

5.  CONCLUSION 

.Mdtuugh  other  military  seiviees  luve  previously 
niiorted  on  iivedical  disqualiiiealiuns  in  aviation 
(lersonncl,  tliis  is  tire  first  study  to  analyze  and  re|X)i1  on 
tlki  waiver  data  contained  in  tlie  U.S.  Navy's  Aviuliuu 
Medical  Data  Kelrievol  Systuii.  In  adilitiuii,  tliis  study 
is  unique  fur  die  uiclusioii  of  enluted  airei  ewiiien  data 
in  tile  analysis  uf  iiiedicrdly  disqualifying  aiiKlitions. 

Ilie  infuiniatiuii  ulilaiiiud  in  this  study  is  useful  in 
leviewing  die  medical  sUuidiu'ds  lui  disimsiUuu  uf 
dcsigiuted  aviation  iieisuiuiel  and  lur  scleetiun  ul 
avialiun  candidates.  Ilie  devclujiineiit  uf  selection 
ciitciia,  physical  .staikluids,  luid  picventivc  medicine 
prugnuns  can  lie  based  on  infurneitiun  glcaiaxi  fruu  die 
database,  'llie  dataliase  seives  as  an  cificient 
qildcniiulugical  tool  tu  assist  in  aeiumedical  deeisiun 
niuidng. 

11ie  waivei  process  pioviJes  a  mediod  fur  niiiiimlzing 
los'se.s  of  Uained  aviation  persoiuicl.  Hie  eaiiKJiiiic  and 
niiui|iower  issues  ul  losing  uained  iiersiMUiel  aic 
vveiglied  against  die  safety  and  iiussiiin  lequilciiieilts  of 
die  U.S.  Navy  and  Maiine  Cuqis.  Waiver 
reeonunendati''ns  are  evalualnd  in  die  conUist  uf  Maval 
Aviation  os  a  vvImIc,  diereby  not  Uising  cidier  die 
iiulividuol  or  eu.qxiiate  |X’is|ieedve.  Ilie  old  ailige  uf 
"beep  'em  Hying  solely"  continues  tu  shine  tluougli 
aeiuspaee  medicine  in  die  U.S  Navy  and  Miuine 
Corps 
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INIUOUOCIION 

ITiC  nurticoo  in  irc«iuci)tly  mked  to  uiakc  ik 
dctcimiuitioii  un  the  “liliicai  Ui  (ly*  of  a  mctnlicr  tti  liih  or 
squadron  Coninioi)  iiicdicnl  coiuiiUonii  lliut  arc 
transient,  unlikely  to  [iro^rcRi  in  the  oi>:i'aliniul 
cnviroiuncnl,  and  iuve  lui  KCAjUulac  Ihul  could  coiiiiiroinixc 
talVly  of  flight  do  nut  icauU  iit  die  pl)>>>i<;al  duquulificution 
of  tlic  avialur.  I'hcfec  Niuiplc  cane*  tend  thenuicIvi‘M  to  a 
prompt  rtcr'imcdioRl  dia^HJiition  and  arc  i>iutinc[y  liuiidlcd 
by  the  aquudiuii  flight  aurgani  liiiougit  the  Iskukiwc  tiC 
tciniRirury  giuuiidiiig  iiuticcx.  I'lilh'winp.  resolution  of  tlic 
acute  illiiena,  the  aviator  van  hnnialiaicly  tetuni  to  lull 
flight  lUtuii.  11  any  of  these  prcrcMUiNites  arc  not  met, 
however,  Lite  Hcroinulieal  diK|H)iiition  buvonicu  iiuu'c  coni 
plot.  Medical  vonditiuiu  that  may  have  liguiflvunl 
M:4{nvlac,  icctiiirc  long  tenn  follow  up,  or  (hoHv  tha'  i«;quiic 
chronic  medication  am  not  coinpatihlc  witli  cMkting  Naval 
tvmlloii  piiytical  sUndardii.  li  the  uviutor'a  carver !» to  in: 
prcNcrvcd,  a  Waiver  of  physical  sUuidatds  inubt  be 
obtained.  These  chullviiging  cabcs  arc  gciKrally  liunJtcd 
by  tbe  squadiun  flight  surgeon,  with  input  Uoni  bighci 
niuJieal  aulhurilics.  Tlivsc  tee  nniucndations  aic 
IdiVrardcd  lu  the  bureau  of  PciMoitnvi  for  linal  action.  1  lie 
line  connnunily  id  the  liiial  arbiter  of  slaudardM,  and  will 
isbue  u  waiver  for  flight  slaliiH  basal  on  the  needs  of  the 
service. 

Since  ISli^O,  llie  U.S.  Navy  acromcdicul  euminunity  Iiuk 
offlcittlly  rcciigni/eJ  the  need  for  un  uppioach  to  evaluate 
HviuUna  with  sigiiifleunt  fltness  for  flight  qucMiloim  fl).  lii 
iq^V,  the  Chief  of  Naval  Air  Training  csUbliylie4l  a 
reviewing  body  of  B|H:eially  trained  flight  suigconi  at  tlie 
Navul  Aviatiun  Medical  Center  in  Pcnsaeolu,  Florida. 

This  group  bceainc  known  aa  the  S{)ev'ittl  board  of  Miglit 
Surgeone.  Initially,  lire  board  waa  tasked  with  serving  the 
aviation  training  eoinmand  and  evaluated  iludent  aviaUua 
who  Were  found  hi  iiavc  physical  or  einuliouul  factors 
ufrccting  their  training.  Gradually,  the  nuinbeis  of 
uidividuala  referred  from  fleet  squodroiiN  iueriutscdt 
euiiciUly,  any  Nnvy  or  Maiiiie  CotiLs  Hquadmii  can  refer 
aviation  ulfleera  (pilots,  flight  oflitcra,  flight  auigC4]n.s, 
auioapuec  physiologi'ila,  aenisphce  cx}K;r]iiienIiil 
p.sychologiaU)  to  a  SlHX'iul  board  of  I’lighl  Surgeons  for 
cxamiuulioii  and  aetoincdical  rceoinmeirdations.  Few 
itudeiUs  arc  currenlly  referred  to  S|)eeial  boards.  An 
indciKiident  body  ui  senior  flight  surgeons  assigned  to  the 
bureau  of  Medicine  can  also  be  called  U|)on  to  lender 
Acrontedical  upiiiiuns  in  certain  cases.  1'he  Senior  board 
of  1‘light  Surgeons  can  make  iwonunendalioiui  itial 
su|H;rscdc  tiie  rceomniendalioni  of  tire  S|>ccijd  board  of 
I'lighl  Surgeons,  and  in  cffcel  can  serve  ux  the  court  of  last 


result  lor  avialois  seeking  aiioiUcr  honing  of  their  ease 
prior  to  final  iceoiiiiiiendatinii. 

A  S|>ct*ial  board  of  l-Iiglil  Surgonia  is  ru{uestud  l>y  an 
aviator's  eoiinimndiiig  oflieci  Medical  infoinialioii  m 
supplied  to  the  eliiiieal  ilepuitnriits  at  the  NuvhI  Aeroaiwec 
iikI  Opcratu'ntd  In^litui  -  (NAMi)  and  a 

rceoiuuiendttlioii  on  the  lueiitii  i> '  lieanng  (he  ea:>c  i'l  then 
made  to  the  eoininunduig  olticc,  ol  NAMl.  Should  tbe 
cunmiandiiig  ofllccr  ilesiie,  the  ouard  is  convened  and  the 
ttviuior  is  ordered  to  NAMl  for  evaluation.  A  disqualifying 
eniulilioii  considered  by  Uic  board  must  i»e  resolved  or 
kijrhic.  I'lie  aviuiui  undergoes  u  eomprchcnstve 
(  xaniiiialion  during  tire  week  prior  to  the  hoard  by  each 
clititctl  dc|)ttiiniciil  at  NAMl.  During  the  course  of  the 
iHiarJ,  the  vase  is  picrrcrited  and  tire  aviator  lius  the  elraiu  c 
to  present  ad'litioiiul  rnruiiiiution  in  his  bvhulf.  The  hcruing 
is  then  closed  and  lire  iiviaUir  exeuseJ.  At  this  )>oinl,  the 
elinieitl  Uvimvlinent  primarily  res}H>nNildc  lor  the  esse 
prexentM  a  formal  "(itaiid  Kmuids"  l>'|>e  of  ptcsenUiUon  with 
didactic  lecture.  |K’itiiieiil  etliientionul  inalerials  and  a  review 
of  Uic  litcitttuie.  Tlic  ease  is  djaeUNsed,  with  particular 
emplutsis  on  iicioniedieal  imd  o|>eriilionul  coneeius.  Tlit 
mcnihers  of  the  board  vote  (»n  rccoiinucndalions  for 
CiMitiiiucd  flight  status.  Ilie  liiidiiigs  of  the  board  are 
sunimart/ed  and  docuiiieoled  in  a  staiuiurJ  Jirroial.  I'tdh 
foitiiai  itieludcM  n  lalioiialo  explaliiiitg  the  teeoinmcndalion.H 
of  the  board.  Ilic  Uiaid’s  rcconiiticndalions  aic  lorwarJed 
to  the  bureau  of  i’eraoniiel  for  himl  dis}ioNilion. 

Several  iMinitiblc  icenniineridalionH  euri  lesuU  from  a  s)H;eiiil 
board  piocce«ling.  An  aviator  may  be  reconnueiided  for 
return  Ic  unreslrreled  flight  status.  In  the  U.S.  Navy 
clussiiieuiion  for  pilots,  this  is  Class  1,  Service  Group  1. 
llicse  uviatoi's  arc  able  to  fly  any  uticrull  in  which  they  are 
qualified,  and  iiicludes  aiiciafl  euirier  o|H:raliotis.  i’niliiig 
this,  an  aviator  niay  be  reeoiiuneiidcd  lor  either  Service 
Giuup  ?.  or  3.  Service  Group  2  status  peiiniU  aviuturs  to  lly 
uiiy  aircrall  in  wiiieh  they  are  qiinlilied.  but  precludes 
o{)eution  on  airciafl  carriers.  lleUeo{Her  piloUt  in  Service 
Group  2  riruy  still,  however,  lly  on  and  ofl  uiieiall  eurt'ici.s. 
Service  Group  3  aviulois  cun  lly  only  in  dual  controlled 
aircrall  with  u  Seivice  Group  1  oi  2  aviator  ul  tbe  other  set 
of  euiilrols.  Naval  Flight  Offtcers  (lHiinburdicr/navigaU>rs. 
radar  iiileicepl  offleerb,  clcetronie  counlcnneaauic  onivcrs) 
Hiul  oilier  uiiciew  not  in  actual  eoiitrol  of  the  airciafl 
(cnliHled  flight  eiighieera,  llighi  surgeons,  aerospace 
physiulogists.  etc.)  arc  Class  U  ircrsoiinel.  An  aviator  may 
be  reemniiiciidcd  for  U.*in(Kuury  removal  {nun  flight  nUIuh, 
witii  un  outline  foi  rejicai  evaluation  in  the  future.  lUnally, 
an  nviatoi  may  be  iccauuincndul  for  ircnnanent  grounding. 


I'wxrtiwd  uf  a  Swipo.situn  an  "I'fu'  ('iUiUul  liasis  for  AvroinvtHcal  Makinn\  ApiU  iW4. 
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11ic  nature  of  apccUl  board  ca«ca  hat  been  icvic'vi^  exten 
tiveiy  in  Utc  {mil.  }^\K'ectiin^t  ul'  Urc  early  buards  were 
deteribed  in  19^B  and  1960  (1,2).  A  review  uf  the 
piychialry  S)X)cial  Uoarda  wai  preacnledul  In  1967  (3). 

The  iinl  comprehciiiivc  review  (4,5)  wat  publithed  in 
1972,  and  examined  lire  fiitl  13  yeara  of  tlic  a}>ceial  board 
program.  A  total  of  720  prc«cntali<)ns  fur  580  'leaiytialed 
avialoii  were  evaluated  over  ihit  tv^riud,  Sumo  aviatora 
were  evaluated  on  more  Uian  one  oceatiun.  I  hc  total 
number  of  liearingN  wax  used  at  the  dciunninuloi ,  ax  caelt 
Inarin^  had  Uic  (Nitential  for  a  diil'crcnt  reemnincndalion 
and  outeomc.  Of  Uic  720  eaKCi,  283  (39.3%)  received  a 
iceomincndatiun  lor  return  to  Survieo  Ciruup  1.  A  Service 
Group  2  roi'onuncndatiun  reiulted  in  43  eaxet  (6.0%)  and  a 
Service  Uioup  3  rceomiiicndaliuii  in  173  (24.0%). 
Twcniy-ci^ht  aviutort  (3.9%)  were  tciiiiMirarily  mroundcil, 
and  179  (24.9%)  were  iKmianenlly  grounded. 
Cardiovaicutar  eauiea  were  the  nuixt  emntnon  leaxun  Uir 
lelbrtfll  to  the  board,  Bccounlini:  U>r  42%  oi  caxc-H. 

AU'oholUin  wax  an  uiK'itniimm  dhynuxit,  accuuiiliii^  (nr 
onl,v  ci^ht  uf  Utc  caiex  licard  befinc  a  bornl  Of 

(lux  tfruup,  live  (U2.5%)  Weie  }»ciniuiU'iUly  ^uiuiidcd. 
lilevun  caxcx  of  migraine  Iwadachc  weic  pruscniixl  Itetoic  u 
M]M;vlal  board.  None  of  Uicxc  avialurx  were  permanently 
>:rouiidai,  and  all  were  lelunicd  to  lli^ht  kIhIim  in  either 
Service  Group  1 ,  2  or  3. 

Thu  x|hx'ibI  imaid  pioccxx  wax  auaiii  reviewed  in  1986  (6). 
1ltU  ptihliealiun  exaniuied  the  eaxex  (rum  1974  to  lv83. 
Some  data  were  unavailable  at  (lie  time  of  publication, 
henec  only  B5%  (n«24B)  of  the  jwitcntml  eaxcM  were 
analyzed.  In  euiUiaxt  Ui  the  earlier  xtudy  ^ruup,  ueuioluitic 
dia^',»uicx  aecuunled  for  the  gicalcxi  number  or  leleiialx, 
enmprixins  24.0%  of  the  toial  eaxex  iicard.  I'xyehiatiie 
diaitiioxch  were  the  next  iarp.ext  iub|(roup.  conipiiNin): 
2l.l%  uf  the  rvlerralx.  Cardiovaxcular  cxxca  v/erv'  third, 
with  14.9%  uf  the  referraU.  The  rciuainint'  caxcx  V'crc 
relatively  evenly  UiviJcii  hctweeii  ophlhalniulo^y. 
olotlnnolaiyii^olugy,  general  internal  nicdicinc  and 
orthoiHxliv'H.  The  uuUioia  concluded  that  advancing  atce 
wax  enrreluicd  with  leeiiminendatinnx  for  iiioic  lexlrictive 
llil^ht  Ktatux.  Siiniiariy,  youni^cr  avialori  were  relumed  to 
unicxlricUid  iliyht  alatux  more  olWii  Uian  older  uvialorx,  brt 
llicxc  ohxcrvatioiiK  were  probably  an  urlifucl  of  a  prior 
Navy  iH)|icy.  ilefore  19BU,  a  pilot  wan  auluinatically 
))luecd  into  Seiviuc  Group  3  u^kmi  leaohint;  45  yeaix  of 
i^c.  The  xtudy  i>criod  Included  a  time  wlieii  thix  )K)Ucy 
wax  it  force,  Uicreby  inakinj^  it  iinjHixiiblc  to  rceominend 
anyUiing  otltcr  Uian  Service  Gioup  3  fur  the  xviiiur  avialoii 
leen  before  u  S|>ceial  Board.  UlorliinuUiyn^olo^ic  and 
ophUialniolu|’ic  referral  diagnoxet  wcie  leax  likely  tii  lie 
ruuined  to  HiglU  alatux.  Neurologic  and  piyohUtiie 
diagnuticx  were  aUo  le.tx  likely  to  be  rctmncAl  to  lull  lliglil 
xlatui. 

MICTUODS 

All  x|>ccial  board  eaxci  prexcnlcd  at  NAMl  from  I  Jainiuiy 
19B4  until  31  Uceember  1993  were  reviewed.  Tlierc  wcie 
119  iiKcial  board  caxcx  involving  lib  indiviJualx.  7'iirec 
individualx  apjteared  l)erorc  Uic  board  on  two  xetiarale 
oceaxionx.  Pcitincnl  demographic  data  were  entered  into  u 
eumpuleri/ciJ  databaxe  prugiiin  (dliaxc  ill,  Axhtoii'Tatc 
hie  )  fur  trend  aiialytix.  7hc  rationale  for  itie  acronicdicai 


eoiictuaiona  reached  in  cucli  of  Uie  1 19  caxcx  prexented  in 
the  )iaxl  ten  yuiia  wax  expUnud  in  dUait.  No  xlatiilical 
analyxci  were  allemtHud  oi*  Uic  duia.  3'he  cfhx;!  of  xcx  and 
race  on  board  ontcoinc  were  ctmaiJered,  however,  there 
were  only  two  Icuialca  and  few  niiiioriiica  during  tlie  time 
frame  conxiderul  negating  any  xtatinticai  xignificancc. 

KKSIJ1.TS 

or  the  1 19  eaxca.  IU5  were  held  for  naval  aviatora.  Nine 
aviatora  (B.5%)  were  found  to  be  pliyxically  qualiticd  for 
dutiea  invoiviitg  tllglii.  The  rciiiuiiung  96  were  found  not 
phynlcally  ({iialilicd,  but  walvcix  were  itu:oinii)cndcd  for  all 
but  24  (26.7%).  or  the  6B  aviatoia  who  liad  wavcii 


Taidcl.  SUfS  IKaguuxiw 


1.  Migtiine  Headache  it 

2.  Liwa  of  (‘mixciiiuaiicait/Syiicupc  10 

f'loxad  Head  byuty  7 

4.  SutiravatUtivularTtcliycaidia  (i 

5.  Ccidooviavuiai  Accidtfitl 

f*  Klaligoaiivy  ^ 

7.  Sdl/ura  4 

H.  Hpioal  C«Md  bijuiy  4 

9.  Vxitlgo/DlwKfiulibMUni  4 

10.  iKTupathHial  Poddaiiia  »> 

1 1  AJiUttioaia  Diaiudai  3 

12.  Aiimaxia/Uollmla  .1 

13.  Huioan  liiioHiiuKlcliciriH.-y  Vinin  } 

|4.  Aliiil  l-ilMUlaliiHi/l-lulloi  3 

IS.  Coiuiuoy  AiWiy  DlMaxc  .1 

l(t.  <))><lv'  Nctio^'ailiy/Naiidlla  .1 

17.  iniUiiiiiUloiy  Uowal  UUcabo  j 

IX.  Ptfiaimaliiy  Umud'O  2 

1 9.  IgA  Nt!{i|)io|>aihy  2 

20.  C'attiacl  Kviiutval  with  Lviix  |l•^>'a)||  2 

21.  ('antral  NcrvtHix  Syxicio  lidcclioo  2 

22  Kcactiva  PxychoxU  I 

23.  Macular  UcgciKialion  I 

24.  Pulm<maiy  AtwuUi  I’lolcinuxiK  I 

15.  C'viiIimI  Scoltoox  I 

26.  Ihihihiii.,i)-  lUIvnia  I 

27.  iift<ai«>|iia  I 

25.  .Sxrvindoaiit  I 

29.  I'tKuiiiniiia  I 

30.  (.'ardioniy<>|ixUiy  I 

.t|.  Joint ‘I'lauoia  1 

32.  PauiixMi  1 

,13.  Scuitoxia  I 

34  OaMrotiiiaatinal  llatiioiilixgu  I 

3  5 .  hiUrnucIcxr  t  i]i|iiltaliiiivlcgia  I 

36.  OiivIvb!  Oyxtuiiia  1 

.37.  Hyjnttfialaiolc  Tvimn  I 

3M.  Cxitilicilxr  lluiiiBiigloiiia  I 

39.  tkliiiuiii  1 

4(t  Ubhkcioiive  Syiii|itoiii«  1 

41.  Aitlima  I 

42.  Beta  Hialaxaeiiiia  I 

43.  'IliromlNAic '11iioiidnic)r(<>|ivnic  l^ll|>ll|a  I 

44 .  AgoiaphtdiU  I 

4.5.  Fffinary  Aditoul  IoxuIUvicik')  1 

46.  Hip  Aittooplaaly  I 

47.  Skkiwxa  (i>:cuii«iil)  I 

4B.  AUci'vd  L«val  uf  C«>iuiciouxni;xa  I 

49.  Ub'arliculilla  1 

50.  KccuoxliucUvc  Suigciy  (•!  Uie  Hand  1 

51  Inxufticiani  iiiuiiig/iaavluiig  liaighi  I 

52.  Wcgaiwr'a  (Jianulo.,wt<iaU  I 
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ruMiiiincnUcJ.  twenty  (26.7%)  AviAto}ii  were  returned 
lu  Service  Grou^)  i  duliu,  ten  (9.5%)  were  iclUiiicd  lo 
Service  Group  2  dulicn  and  30  (28.6%)  were  relumed  lo 
Service  Group  3  lUtua.  Of  the  citka  II  individuaia  waiver 
of  fli((hl  sUndania  wai  rceuiiuncnUcd  in  12  (85.7%)  and  no 
waiver  in  2  (U.3%).  The  diagnoica  evaluated  by  the 
hoard  are  aunimarued  in  table  1 . 


Nephrology 

2 

1.7 

Hematology 

2 

1.7 

Dermatology 

1 

0.8 

Undocrinulugy 

1 

0.8 

ToUl 

119 

100 

I’lic  uffu;!  uf  age  on  waiver  outcuinc  in  auinuiHri/ed  in 
table  2.  Hierc  duca  nut  appear  to  be  an  cffecl  of 
advancing  age  Jecrcaiing  Utc  likeliituod  of  waiver.  There 
ia  aiill  a  tendency  lo  I'tconnncnd  a  waiver  lo  Scivice  Group 
111  ill  avialora  over  the  age  of.  4U. 


Table  2.  Waiver  SUtua  by  Age  i*niup 


Ncuftdogic  diagnoaea  accounted  for  52  of  tiie  1 19  ajMX'ial 
board  cttkca  (43.7%).  Migraine  hcadaclie  was  lire  most 
frequent  reason  for  lefcrral  overall,  and  reaiillcd  in  11  uf  the 
52  ucurolt»git'  cauca  (2|.2%)  referred  to  a{H:cial  board. 
Inlcrcatingly,  Uic  ueroiuedical  diNiMiaition  of  luigraineura 
keen  by  tlie  a(iceial  hoard  did  not  vary  i>clwce*n  the  earlickt 
aerica  and  the  present  aeries. 

DISCUSSION 


Age 

Waiver 

Waiver  Not 

iicrvicc  Group 

Keeuuniicnded  Ktcuniinctidcd 

1  2  3 

20  24 

2 

(06%) 

1  (34%) 

1  1 

25-29 

14 

(56%) 

n  (44%) 

8  1  4 

30-34 

19 

(73%) 

7  (27%) 

11  2  5 

35-39 

25 

(1>3%) 

2  (  7%) 

K  5  7 

40  44 

15 

(?'»%) 

4  (21%) 

4  8 

45-49 

K 

(KO*.) 

2  (20%) 

3  1  4 

50  + 

1 

(50%) 

1  (5n%) 

!  1 

1'lw)  uVUl'ra 

rnnk  did  not  seem  to  edoel  buuij  outcome. 

lixeept  for  ti: 

;c  rank  of  0- 

-3.  (he  majority  of  aviaUns 

iuicivcd  a  waiver  icgardtcsu  of  tank.  7'his  data  is 

summarized  in  table  3. 

'J'abk*  3. 

Waiver  Status  by  Kank 

Kank 

Waived 

Not  waived 

0-1 

2 

(6<.%) 

1 

(.14%) 

0-2 

4 

(44%) 

5 

(56%) 

0-3 

28 

(70%) 

12 

(30%) 

0-4 

26 

(84%) 

3 

(11%) 

0  . 

19 

(74%) 

5 

(21%) 

0  6 

0  7 

7 

1 

(78%) 

2 

(22%) 

I'he  ti'Ciids  ill  the  diagnostic  category  of  cases  icfened  hits 
also  eliangixl.  b'anii  195  7-1973,  cardiology  cases 
accounted  fur  Uie  priniaiy  icietral  diagnosis,  broin  1974 
1983,  neurologic  diagnoses  were  llie  priiimry  icfcrring 
dUgiiuiui.  This  trend  eonliiiucd  in  liic  pi<  -iciit  scric.s  and  h 
iUiiiiiiaiired  in  table  4. 


I'ahk  4.  Diagnostic  Calcgorica 


Neurology 

Number 

52 

Percent 

43.7 

Cardiology 

16 

13.4 

Ksychiilry 

14 

11.8 

OphUialinulugy 

8 

6.7 

Gastroenterology 

5 

4.2 

Pulmonary 

5 

4.2 

Ortliopcdick 

5 

4.2 

Oncology 

5 

4.2 

Irtfcctious  Disease 

3 

2.5 

No  eases  alcoholisiii  were  evaluated  lieUire  s)H!viid  biiuids 
fioin  1984  1993.  7'liis  rclkcts  u  :iLiiidaidi/.alioo  of  the 
waiver  pn>eess  for  iliis  eoiiditton.  Alcoholism  in  rciiiissioii 
\fi  cuilCiitly  covered  by  a  Durcau  of  Mcdieiiic  instructhm 
that  details  coiidilitnis  that  iiniHt  be  met  liehire  a  waiver 
rccoinnicndatioii  w'lll  he  nmilc.  ami  the  follow  on  I'nfc 
necessary  for  the  waiver  to  be  ct>iiliitucd.  I'liese  eases  are 
now  lundted  ill  the  level  id  llic  squadron  lliglil  surgeon 
under  the  dis|>nsilioii  guidelines  deliiiealed  in  ihu  insliuelion. 

('ascK  of  alriui  fibiniutitMi/lliiUer  wcie  once  rmilincly  hcaiJ 
ticfore  K{)ecial  hoards  In  this  ease,  the  K)H.’Cial  board 
})roceediiigK  have  had  the  effect  of  levising  l>olicy. 

Guidelines  for  Uie  evaluation  and  sciiui  obscivalion  of 
pulients  with  atiial  dysrliytlimia  grew  out  of  s|)cciul  board 
)>rcscnla(ionk.  I'licsc  rccomineiidalitins  weie  s(andardi'/ed  hI 
NAMl  and  approved  by  Uie  Uiireau  of  Medicine.  The  end 
icsult  is  that  atrial  dysrhyiliniia  is  handicii  by  the  squadron 
flight  surgesm  and  the  iiitcroal  iiic/licine  depHUincnl  at 
NAMl.  1*lie  reqiiirciiieiU  lor  the  aviuUn  lo  uppear  before  a 
sfrecial  bousd  has  been  cliniinntcd  in  the  vast  niajoiily  of 
cases. 

1'hc  diN|K)silion  of  NUpiHVenliiculm  lachycuiiJiH  (SVT)  hn.H 
undergone  sigiiilicanl  revision  since  the  board's  iiiccf4iiiii. 
Piior  to  the  l98U'a.  tlieie  was  no  aeioiiicdica]ly  appiopiiiile 
means  fo  treat  syiiipUinialie  SVl'.  Long  teiin 
ptiuitiiaenllienipy  was  uoaeccpIalUe  tin'  llighl  status,  and 
surgical  or  diieel  eunciil  (DC)  ablation  |)oNed  the  risk  of 
itgiiiiieaiil  side  vlTeets.  With  ihe  iidvciil  of  ludiulVequcncy 
(Kb)  callielcr  alUaliun  coupled  with  eleetrophysiologie  study 
(LI’S)  iiiappuig  of  llic  eurdiue  eonduclioii  system,  the 
[KiskibnUy  exists  for  (he  relatively  atruinnalie  core  of  the 
underlying  comlilum.  One  ease  of  catheter  ablation  oj  an 
aeeessoiy  eonduclioii  pathway  has  been  heard  bclvirc  the 
special  board,  with  (he  leeoinmenJuliou  Ihul  the  aviator  be 
returned  lo  lliglil  sluliis.  Tliis  ease  lias  al.H«]  proiupled  a 
review'  of  the  existing  ueioiucdicai  jMiUcy  regurding  the 
ablation  of  aiierrant  eonduclion  pathways.  New 
reeonniicirdalions  have  been  '  <dc  to  Uie  Bureau  o\  Mt'dieiiic 
regarding  the  use  of  this  U  .qnc  in  aviutors  will) 
NymiHoiiialie  SV1’ 

'I'iie  increased  ulili/uUoti  of  advunced  Icchnulogy  has  dircelly 
impaelcd  Utc  cases  heard  before  sficeial  boards.  In  one  ease 
of  a  tiansieiil  iseheiiiie  nttaek,  iiiagiir^ic  icsonancc  iniugiiig 
of  the  brain  rloeuincnlcd  a  small  lesion  in  the  eiudale  urea  of 
the  cerebral  eoilex  ihni  wus  not  seen  on  either  routine  or 
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contrast  cnhaiic«l  CT  scans  of  the  head.  The  location  of 
Uic  infarct  was  cntiiciy  consistent  wiUi  the  aviator’s 
sym^Hoins.  Color  tiow  Doppler  echocardiography  c«)Uplcd 
wiUi  bubble  contiast  cchocardiograph)  doentnented  Utc 
presence  of  an  atrial  septal  aneurysm  and  associalcti  atrial 
BC]iUl  defect  in  thia  aviator.  Following  repair  of  the 
cardiac  abnurinalily,  the  aviator  was  seen  before  a  special 
board.  The  discussion  in  this  ease  centered  on  Ute 
|M)lcntiaI  for  the  old  area  of  ischemia  to  serve  as  a  focu.^ 
for  cpilc]H>c  activity,  and  the  ci)nsce|Uciicca  of  the  cardiac 
leptir  in  the  operational  cnvimnniciit.  Once  it  was 
determined  Uial  the  infarct  area  was  nut  likely  to  serve  as 
an  epileptogenic  foims,  and  tifi  cardiac  coinplicKlion^  could 
he  demonstrated  by  rc|xat  bubble  contrast 
ccluicardiugraphy  and  serial  lioltcr  uiunitoring,  the  aviator 
received  a  rccoinmcndatiun  fur  return  to  (light  status. 

1'hc  iutioiialc  used  by  Uic  hoard  to  rcconuncnd  or  not 
recotiunenJ  a  waiver  was  analy/.cd.  Nuineruus  recurrent 
themes  and  criteria  wcie  iiuted.  The  factors  eoiisidcrcd 
and  used  as  a  bssis  fur  (he  acroinuiical  deciMion  making 
process  were  analy/M  and  auintnari/ul  in  (lie  followuig 
paiagraphs. 

The  natural  history  of  the  disease,  long  tenn  survivui,  and 
Juration  of  symptom  free  interval  were  primary  laclors 
considered.  Risk  of  future  disease  reeurrcncc  and 
prc<,lis(H)Mitinn  lo  develop  other  prubleins  (epilepsy 
following  ccrd)ral  trauma  or  cardiau  arrlivdiiniuN  following 
cardiac  disease)  were  iin|au'Unt  criteria.  Does  die  pad 
course  of  the  disease  predict  the  future  course  of  the  dis 
ease^  ThU  factor  was  considered  in  a  patient  with  Crohn's 
disease  and  several  neurologic  eases,  mild  I'umis  of  disease 
with  ininiiiial  sym|Hoins  were  predicted  to  slay  vital  way. 
With  injuries,  eatKcially  ncuruiogic  and  ofllio|M:dic  ii\jury 
the  prCAiis^tosilioii  for  recurrent  injury  and  degree  of 
residual  Imjiainncnt  was  imjatrlmU. 

A  major  coneem  v/as  whcllier  the  disease  process  jatsed 
sny  risk  or  ivjiential  for  sudden  in  iligiit  incupacilalioii  ot 
the  (Htssilnlily  for  incapaeitalion  in  a  hu/ajdiius  Miiualiun. 
Alsu,  is  there  any  risk  for  Nubile  incapacitation  which 
might  not  Ire  detected  by  Uic  inJividuul  but  would  uHccl  his 
inciilal  judgement  and  pliysical  abilities  ui  conlntl  the 
aircrah.  I'tiese  facloru  were  ini|>>)rtaiU  in  a  wlntlc  utiay  oj 
neurologic,  cardiologic  and  endocrine  disease  slates 
considcrui. 

Aeroincdical  safety  was  u  rccuirenl  lliciiii:.  Wlml  is  the 
impact  of  the  disqualifying  defect  on  aviation  safety?  'I'lic 
safety  of  the  crew  us  well  as  that  of  the  patient  were 
eoiisiderud.  The  ell'ccU  mi  coininuniculiuii  and  air  crew 
couidinulioti  were  considered. 

With  iniliury  aviation,  the  board  needed  to  be  cogni/Okiit  of 
whether  (lie  disease  proccus  would  aflccl  u'vrational  cifcc' 
tivencNs  and  mission  completion.  The  pultciil  must  rctnuin 
as  a  readily  deployable  asset.  Dueh  uircrsh  aiierail 
misMtun  had  to  be  cunsidered.  Tile  effect  of  Uic  disease 
slate  on  exercise  tolerance,  fatigue,  and  circadian  rhythms 
was  Uken  into  account.  This  was  the  primary 
disqualifying  rationale  in  {a^nnanciuly  grounding  a  su|>crb 
jet  aviator  with  Addiaoirs  disease  (primary  adrenal 
iiisuiftcicney). 


The  effect  of  the  aviation  eiivirontneiil  on  llic  disqualifying 
condition  was  exploicd.  The  individual  must  be  able  to 
adapt  to  the  aviation  ciiviruiiineiit,  cspceially  the  military 
night  environment.  The  effect  of  G  forces  on  cardiac 
arrhytliiniaa  it  a  well  known  fact.  The  effect  of  oxy* 
gcn/hy|>uxM  on  the  .lumcrous  pulmonary  cases  was 
considered  and  if  a  waiver  was  granted,  tlic  airomR  was 
ohen  s|K*eined  so  dial  Uie  aviator  would  not  be  cX|)oscd  to 
ranges  of  oxygen  tension.  In  polienU  wiUi  neurologic  or 
ortho|Kdic  dcfieits  (lie  forces  of  ejection  were  of  prime 
ini}Kntancc.  Will  the  aviator  still  be  able  to  safely  egi*csx 
from  a  disabled  aircraft? 

1'ho  ti'catiiieiil  required  for  Uic  patient's  medical  condition 
niuiil  Ik  readily  available.  Naval  aviators  arc  deployed 
ihaiiiglioui  the  wurld,  olten  in  hostile  enviruntnenu.  For 
certain  dtapfu'seii  conskieied  by  the  Iniard,  there  was  u  iiual 
fur  xiKcial  Ircalmciit  or  care.  Can  llic  eunditiun  be  effec¬ 
tively  ticaled  and  cariMl  for  in  the  o|)crationul  environment? 

Is  liierc  adequate  medical  care  in  areas  of  deploYincnl  and 
deployment  plalfonns'*  The  |Hissibility  of  capture  of  the 
aviator  wa.s  eonsldcreJ;  would  he  be  at>)e  to  survive  if  ciqi- 
lurcd,  is  there  a  niaxl  lor  an  uninlernjptcd  supply  of  niedicN- 
tion?  In  any  incdieul  coiiditioiis  requiring  a  mcdicullon,  the 
hufcty  profile  of  the  iiiedlcatioii  and  medication  side  effect 
proCiic  were  eaivfiilly  .scniliuiml. 

At  itmea,  the  board  utilized  a  alatistical  appioaeh  to  resolve 
complex  eases.  Deciaiun  making  and  risk  assessment  princi* 
pics  were  used.  I'liey  employed  deeudun  analysis  techniques 
using  decision  analysis  models  and  probability  muJeU  for 
prediction.  Wliat  is  the  most  likely  sccnaiio  vcisuk  the 
worst  ease  aeciiurio?  1'hc  board  examined  the  relative  risks 
and  bcitenis;  the  risk  ol  adverse  impact  on  safety,  and  of 
mission  eomproinisc.  1'hU  appmaeli  to  actomcdical  decision 
making  was  presented  rceciuiy  in  an  article  by  JU  Clark. (7) 

Cases  of  senior  aviators  with  aigniricanl  medical  condilions 
were  open  diilieult  enses  for  Hie  board  lo  delibciule.  I'lic 
i.sxucs  of  career  pivxervation.  conservaliun  of  human  re- 
souiccs,  and  cockpit  resource  management  were  coiiHidcred 
and  contrasted  with  (he  cxiK’clcd  cvoluliiin  of  the  senior 
offieci  fioin  u  line  pilot  to  nd.-ninixir.-i(or  iind  luichcr. 


CONCLUSIONS 

.Since  their  inception,  .S|Kcial  boards  of  Fliglil  Surgeon.'} 
have  undergone  sigiUncaiU  transformulion  in  both  the 
number  and  nature  of  eases  evaluated.  The  number  uf  caKC.i 
Ims  decreased  since  the  board  iKgan  providing  aeromceieal 
di8|>oNilions.  In  Uie  first  year  oi  u)X'ratiun,  the  SjXKisI 
board  evaluated  11  dcsigtiuleii  aviators,  and  reached  a  |xak 
of  71  evaluations  in  1962. 

Wtiile  they  are  not  iiiicndcd  as  a  ladicy  selling  inslruineni, 
some  rulings  have  had  llic  eficet  uf  revising  aeroinedical 
]silicy.  S|H'cial  Board  opinions  have  been  used  as  calls  for 
llie  review  of  existing  acnmieriicul  policy  regarding  some 
eonJiliuns.  In  some  eases  jiolicy  changes  have  resulted 
when  all  available  evidence  was  reviewed  and  presented  lo 
NAMl  and  the  Bureau  uf  Medicine.  Wiicn  enacted  by  the 
Chief  i}f  Naval  0|>cialions,  these  policy  ctuingcs  have 
generally  had  the  eO'ecl  of  lil}crali7.ing  physical  standards. 
Tliii;  liberali/ation  has  enubled  tliv  squadron  fliglil  surgeon  to 


provide  Mi)  acromcdicMl  dis^xisittoi)  wiliiuul  referring  the 
individual  to  u  S|)ccUl  Board. 

The  patient  population  referred  to  Uie  Board  Iiuk  alhu 
dramatically  changed,  i^verai  factors  are  no  doubt 
ica|X}naiblc  for  Uic  Bhlft.  in  rcfen'al  pattern.  Student  Naval 
aviators  arc  rarely  tvfcircd  to  Special  Hoards  nuw',  but 
comprised  a  significant  fraction  of  the  cases  seen  in  the 
past.  Tliia  change  may  reflect  a  greater  tendency  by  the 
line  cuniinuniiy  to  iciuovc  students  from  training,  or  may 
rcHccl  the  improved  scleetion  of  fligiit  training  candidates. 

The  easca  seen  by  Uic  board  arc  now  increasingly  complex, 
Tcnccting  improved  diagnostie  iccliniquea,  and  changes  in 
Uiera()culie  modalities.  Uy  the  time  a  medical  problem  of  u 
nnvul  aviator  reaches  a  S]>ueial  Board  of  Fliglit  Surgeons, 
liic  Ixiard  is  mtunalcly  aware  uf  tJie  aviator,  his  aircruA 
and  ilia  dUcaic  state.  A  truly  unique  and  Individuali/ed 
approach  is  taken,  oAcn  with  s)xx:incally  delineated  waiver 
rcquircnicnlx.  I'hc  board  is  always  eogni/niit  that  its 
rccotniiienJaiiuns  may  have  I'nr  renehing  impacts. 

Slai.'darJs  in  general  are  applied  mueli  more  strictly  to  llic 
aviation  applicant  than  they  are  to  Uie  already  dc.>tignutcii 
aviator.  The  board  reali/ca  that  some  squadron  members 
have  truly  unique  capubililms  and  ex|H:ricnce.  In  the  fioul 
analysis  the  role  of  the  board  is  to  present  the  hciit  po.s.siblc 
acromedical  lec'oiumcndalioii. 
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INTRCiDUCTlON 


Mt-dical  fitness  is  an 
essential  paot  of  air  safety. 
Aircrews  undergo  thoir 
regular  medical  review  to 
ensure  their  physical  and 
mental  statvis  will  enable 
them  to  cany  out  their  on¬ 
board  functions  in  both 
normal  and  exceptional 
circumstances . 

Medical  scieeniuy  during  the 
selection  process  followed  by 
continued  medical  vigilance 
over  the  healtl)  of  arrcrews 
has  been  the  major 
contributor  to  air  safety  by 
reduiuriy  the  risk  of 
potential  incapacitation 
during  flying  duty. 

Because  preexisting  disease 
haf.i  been  described  as  a 
contributor  to  aircraft 
mishaps  (1),  military 
aviators  undergo  detailed 
initial  flying  physical 
examinat  lorns  designed  to  find 
those  with  physical  defects 
or  aisabilitiec  that  could 
potentially  compromise  flying 
safety .  Another  major 
objective  of  the  phy.sical 
examination  is  to 
periodically  reevaluate 
conditions  already  known  to 
the  iriiot  and  flight  surgeon 
which  may  or  may  not  have* 
required  the  granting  of  a 
waiver  previously,  as  there 
are  many  medical  problems  or 
conditions  which  are  not 
static  but  may  become 


improved  or  worsened  ov  ar  the 
time  interval  since  the  last 
periodic  check  up  (2). 
Objective  evaluation  of 
experience  in  the  aeromedical 
disposition  and  approach  to 
various  medical  conditions  of 
pilots  will  enable  the 
application  of  more  effective 
medical  treatment, 
rehabilitation  and 
consequently  an  improved 
waiver  policy  (3,4). 

Lousden  et  al  (5)  i**  -  review 
of  2.697  pilots  fc  a  0.77 
%  of  aircrew  to  have  an 
operational  flying 
restriction  in  any  given 
year.  They  discussed  the  most 
common  diagnoses  and  how 
refinements  introduced  over 
the  past  5  years  should  help 
further  rediice  the  incidence 
of  these  problems  in 
experienced  aircrew. 

The  decision  whether  to  let  a 
pilot  fly  again  is  always  a 
difficult  one,  especially 
since  the  airman  involved  is 
usually  very  Keen  to  return 
to  duty  and  will  do  his 
utmost  to  convince  those  who 
make  these  decisions  that  he 
is  capable  of  flying.  Flight 
surgeons  have  the 
responsibility  to  confirm 
tnis  capability  prior  to 
putting  a  pilot  back  in  the 
cockpit.  Equally  important  is 
the  requirement  that  a 
sufficiently  able  pilot  who 
has  either  recovered  or  been 
fully  rehabilitated  not  be 
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held  from  returning  to  flying 
duty.  As  aviation  safety  is 
paramount  in  aeromedical 
disposition,  only  a  complete 
evaluation  and  detailed 
follow-up  can  be  used  in 
determining  the  aviator's 
ability  or  disability  (6). 

The  literature  regarding  the 
return  of  injured  military 
aviators  to  active  duty  is 
scarce  (7),  although  the 
ocurrence  of  preexisting 
disease  in  aircrew  and 
conditions  for  which  medical 
waivers  cannot  be  granted, 
thus  resulting  in  permanent 
disqualification  from  flying 
duties,  has  been  reviewed 
(2,8,9,10)  . 

The  purpo.sp  of  this  study 
was : 

1.  To  review  the  aeromedical 
disposition  of  Spanish 
military  personnel  through 
the  first  half  of  1993  and 
identify  the  major  reasons 
for  permanent  or  temporary 
disqualification . 


Diagnoses  were  grouped  by 
major  disease  categories : 


-  Refractive  errors 

-  Color  vision  disorders 

-  Tropia  (strabismus) 


2.  ENT 


-  Hearing  loss 

-  Sinusitis 

-  Tumor 


-  Personality  disorder' 

-  Depressive  behaviour 

-  Migraine 

-  Seizure  disorder 


4.  Cardiovascular  diseases. 

-  Coronary  artery  disease 

-  Hypertension 

-  Arrythmia 

-  Mitral  valve  prolapse 


2.  To  determine  the  incidence 
of  various  medical  causes  for 
permanent  or  restricted 
status . 

3.  To  determine  the  incidence 
and  reasons  tor  restrictions 
or  temporary  disqualification 
among  aviators  who,  after 
appropiate  follow-up  were 
returned  to  flying  duties. 


MATERIAL  AND  METHODS 

We  reviewed  the  records  of 
all  the  Spanish  Armed  Forces 
(SAF)  aircrews  who  underwent 
their  physical  exam  in  the 
SAF  Institute  of  Aviation 
Medicine  (CIMA)  during  a  six 
month  period.  The  primary 
diagnosis  initiating  the 
flying  dispositions  and  the 
reconunended  waivers  were 
extracted. 


-  Hypercholesterolemia 

-  Hyperglycemia 

-  Liver  enzyme  elevation 

-  Metabolic  disorders 

-  Drugs 

6-  Miscellnnep'is,. 

-  Medication/Drugs 

-  Degenerative  spinal  disease 

-  Limb  fr-acture/Complications 

-  Positive  HIV 

-  Asthma 

-  Alcohol  abuse 

-  Ulcerative  colitis 

-  Head  injury 

-  Shoulder  instability 

-  Pneumothorax 

-  Viral  hepatitis 

-  Headache 

-  Tumor 

-  Others 


Regulation  regarding  category 
system  allows  the  following 


flying  restrictioiis . 

a.  Restriction: 

Limitation  to  a  certain 
flying  duty  or  for  a  certain 
period  of  time. 

b.  Temporary 
disqualification: 

Potential  return  to  flying 
duties  (either  to  restricted 
or  unrestricted  status). 

We  followed  those 
aircrewmendaers  who  were  not 
permanently  disqualified  for 
a  period  of  six  months. 
Statistical  analysis  of  data 
was  made  utilizing  data  base 
provided  by  CIMA 
computar i zed  system. 


RESULTS 

Of  the  17  6  9  physical  exams 
201  (first  exam)  or  139 
(follow-up)  of  the  total  were 
found  to  have  resulted  in 
some  type  of  aeromedical 
disposition. 

Table  I  and  11  present,  the 
complete  list  of 
disqualifying  medical 
conditions  found  and  provides 
the  basic  data  tor 
discussion . 

In  order  to  facilitate  future 
comparison  of  our  data  with 
that  reported  by  other 
authors  representing  other 
NATO  countries  as  well  as 
with  public  health  statistics 
regarding  the  wider 
populations  of  Spain, 
European  Union  etc.,  we  have 
calculated  both  the  relative 
percentages  of  affected 

personnel  with  regards  to  the 
total  number  of  examinees  and 
also  as  it  related  to  the 
subpopulation  of  those  airmen 
who  required  disposition  of 
some  type.  Both  percentages 
are  listed  on  Table  II. 

The  major  reasons  for 


permanent  disqualification 
are  visual  problems  related 
to  colour  vision  oi‘  lack  of 
adequate  visual  acuity, 
accounting  for  0.45%  of  total 
examinees.  We  found  only  one 
case  of  refractive  problems 
who  was  initially  temporarily 
disqualified  but  finally 
permanently  grounded. 
Permanent  disqualification 
due  to  visual  problems  in  the 
follow-up  period  of  6  months 
accounted  for  0.52%  of  total 
examinees.  There  was  no 
change  in  the  number  of 
airmen  who  were  permitted  to 
fly  with  some  restrictions 
due  to  visual  difficulties 
accounting  for  3  out  of  the- 
total  examined  (0.16%). 

Auditory  disease  produced 
some  changes  in  status  as 
compared  to  initial 
disposition.  Throe  oases 
(0.16%)  were  permanently 
disqualified  due  to  hearing 
loss  after  the  first  exam. 
Another  2  examinees  were 
placed  on  restricted  duty 
status  and  remained  so  after 
6  months.  27  airmen  were 
temporarily  disqualified. 
After  the  6  month  follow-up 
period  2  of  the  2/  were 
permanently  grounded, 
bringing  the  total  nuiiUaer  of 
permanent  disqualifications 
to  5  (0.28%).  6  others  were 
deemed  fit  to  fly  and 
returned  to  full  unrestricted 
duty  while  the  remaining  19 
flyers  in  this  group  continue 
to  be  maintained  on 
temporarily  disqualified 
status . 

Neuropsychiatric  diagnoses 
problems  also  resulted  in  an 
increased  number  of  t lyers 
permanently  grounded  compared 
to  the  initial  action.  Two 
(0.11%)  of  the  examinees  were 
grounded  after  initial 
examination.  Two  more 
(bringing  the  total  to  U.22% 
of  all  examined)  were  also 


eventually  permanently 
disqualified  after  follow-up 
evaluation.  These  two 
additional  cases  were  due  to 
depressive  behaviour  and 
depressive  neurosis.  The  same 
number  of  examinees 
representing  another  0.22%  of 
dll  aircrew  who  were 
evaluated,  were  deemed 
qualified  to  fly  with 
restrictions.  This  remained 
unchanged  after  foUow-up. 
The  17  who  initially  received 
temporary  disqualifications , 
(0.96%  of  total)  where 
reduced  to  11  (0.62%)  upon 
latex  follow  up. 

Four  were  returned  to 
unrestricted  flying  duty 
while  two  represented  those 
aircrew  members  mentioned 
above  who  were  eventually 
permanently  grounded . 

There  were  no  changes  in 
disposition  of  flyers  with 
cardiovascular  disorders 
during  the  time  interval 
between  the  initial  and 
follow  up  examinations. 
Actions  due  to  these  problems 
led  to  2  (0.11%)  being 
permanently  grounded,  V 
(0.39%)  made  tit  to  fly  with 
restrictions  and  2  (0.11%) 
temporarily  disqualified. 

Laboratory  findings  requiring 
aeromedical  disposition  were 
related  to 
hypercholesterolemia  and 
elevated  fasting  plasma 
glucose  in  the  range  of  110- 
140  miiigratns/di .  with  normal 
glycohemoglobiu 
(nondiabetic) .  The  65  flyers 
(3.67%  of  all  examinees)  who 
were  granted  qualified  flying 
status  with  restrictions 
after  initial  evaluation  were 
reduced  to  41  individuals 
(2.31%)  after  follow-up.  The 
16  (0.90%)  who  were  initially 
disqualified  showed  the 
greatest  relative  relative 
impxrovoment  in  status  with 
only  1  flyer  (0,05%) 


remaining  on  dysqualitied 
status.  The  other  15  v;orc 
returned  to  full  duty.  This 
means  that  a  total  of  39 
aii'men  (2.20%)  graduated  to 
unrestricted  status  on  the 
basis  of  iwpi'oved  lab 
results,  no  doubt  secondary 
to  appropiutfc.  dietary  and 
life  style  changes  made  by 
these  aircrew  members  in  the 
i  iiterim. 

Miscellaneous  reasons  for 
aeromedical  disposition 
ncluded  a  variety  of  problems 
such  as  medication  not 
compatible  with  flying 
duties,  degenerative  spinal 
disease,  limb  fracture, 
presence  of  HIV  antibody, 
asthma,  alcohol  abu.se, 
ulcerative  c.’olitis,  head 
injury,  shoulder  instability, 
pneumothorax,  viral,  hepatitis 
and  headache. 

17  (0.96%)  of  examinees  were 
placed  on  restricted  status 
due  to  one  of  those  various 
problems  at  the  time  of 
Initial  exam.  14  (0.79%)  wtire 
mantained  on  restricted 
status  after  6  months  oi 
follow-up  evaluation. 

Those  miscellaneous  problems 
also  resulted  in  20  (1.13%) 

being  t  e  m  p  i:)  r  a  i'  i  1  y 
disqualified  initially.  This 
was  x'educed  to  11  (0.b2%) 

during  the  en.su  ing  6  months 
with  the  others  returned  to 
unrestricted  flying  duty. 

Analysis  of  our  data  as  it 
relates  to  the  total 
population  evaluated  slmws 
that  after  the  initl.i 
screening  and  selection 
process  16  (0.90%  of  all 

examined  flyers)  were 
permanently  grounded.  Another 
87  (4.91%)  experienced  a 

period  of  temporary 
disqualification  based  on  the 
initial  exam.  Finally,  98 
(5.53%)  aircrewmembers 
received  a  waiver  restricting 
their  duties,  after  their 


initial  evaluation. 

A  iollow-up  of  all  the 
aviators  tor  a  period  of  6 
months  showed  that  b  more 
cases  (0.22%)  were  added  to 
the  0.90%  of  those 
permanently  disqualified.  Ail 
five  of  these  flyers  had  been 
initially  placed  on  temporary 
disqualified  status.  On  a 
positive  note,  however,  61 
airmen  (3.44%  of  all 
examinees)  who  had  initially 
been  placed  on  rostrirted 
duty  status  or  had  been 
temporarily  disqualified  were 
found  "fit  to  fly"  and 
returned  to  full  unrestricted 
duty.  This  left  48  (2.71%) 
aircrew  remaininq  temporarily 
disqualified  while  71  otliers 
(4.01%)  wf.ro  allow. .'d  to 
participate  in  restricted 
flying  duties. 


DTSCUilSlON 

A  primary  goal  when 
addressing  an  aoromedical 
problem  is  to  maximi:ie 
operational  safety  by  taking 
into  account  the  individual 
circuinutances  of  each 
aviator. 

Medical  evaluation  of  aircrew 
is  designed  to  ensure  mission 
c<3mplotion  by  providing  for 
the  maintenance  of  the 
pilots  health  and 
recognizing  any  condition 
that  might  present  a  hazard 
to  flight  safety. 

The  military  aviator,  having 
completed  a  long  and 
expensive  flight  training 
program,  represents  a 
significant  investment  for 
any  nation's  military.  This 
may  result  in  the  flight 
surgeon  being  pressured  not 
to  ground  a  highly  qualified 
aviator  when  a  problem  is 
detected.  These  difficulties 
are  minimized  by  strict 
adherence  to  an  aeromedical 
disposition  system 
enphasizing  the  use  of 


methods  that  attempt  to 
prevent  problems  before  they 
occur.  This  and  subsequent 
close  follow-up  of  any 
problem  that  is  identified 
should  provide  the  tools  that 
most  likely  be  successful  in 
allowing  a  military  aviator 
to  fly  again  whenever 
possible  (b,b). 

This  methodologic 
identification  oi  specific 
problems  or  potential  disease 
and  subsequent  rcuponco  to 
appropiate  management  and 
folowup  provided  the  majority 
of  data  in  our  review. 

With  regards  to  aeromedical 
disposition  due  to 
uphtalniologic  diagnoses  no 
improvement  in  the  number  of 
flyers  affected  was  noted 
during  the  6  month  period 
between  the  init:ial 
evaluation  and  toi low-up. 
This  can  be  atrlbuted  to  t)io 
irreversible  nature  ot  almost 
all  eye  disorders  other  than 
trauma . 

As  mentioned  earlier,  b 
aircrewmembers  oi  32  who 
received  some  i  ype  oi  Initial 
restriction  or 
disqualification  due  to  bNT 
probleme  were  later  found 
"fit  to  fly".  Those  aviators 
who  eventually  recovered  and 
returned  to  flying  duties 
represented  mild  or 
reversible  hearing  loss  or 
self  limited  inflammatory 
diseases.  Wliitton,  in  his 
review  ot  USAi’  flyers, 
described  a  large  number  oi 
patients  with  allergic 
rhinitis  (9).  We  fcjund  no 
cases,  probably  due  to 
selection  procedures 
(disqualified  in  previous 
screening  exam) . 

Neuropsychiatric  disorders 
affected  23  aviators  (1.30% 
of  all  airmen  who  were 
evaluated) .  A  follow-up  of 
these  personnel  showed  that 


only  4  pilots  (0.;^2'k) 
recovered  completely,  all  ot 
whom  exhibited  transient 
depressive  behavior.  This 
lett  us  with  a  tinal  rate  ot 
1.07%  ot  all  aircrew  members 
evaluated,  having  their 
flying  duty  affected  in 
someway  by  neuropsychiatric 
illness. 

Cardiovascular  disease 
accounted  toi  11  pilots 
attectcd  (U.b2%  ot  all 
examined),  figures  smaller 
than  that  reported  in  tlie 
literature  (b,9).  However  the 
studies  cited  looked  at  the 
subpopulation  ot  aircrew  wlio 
had  bean  permanently  grounded 
while  our  data  Includes  the 
additional  subgroups  ot  those 
e  i  t  h  u  1'  temporarily 
disqualified  or  on  restricted 
flying  status.  As 

cardiovascular  disease  is 
generally  an  irreversible, 

progresivaly  worsening 
process,  it  almost  always 
results  in  permanent 

dlsqualiticatioii  and 
therefore  would  represent 

higher  percentage  in  the 
permanently  grounded  group 
than  In  the  broader  group  ot 
all  airman  affected  by 
medical  ai^tion.  biill,  a 
separate  analysis  of 
cardiovascular  disease  found 
i.nat ,  in  the  ti  month  period 
studied,  it  accounted  tor 
only  12.  of  all  iipanish 
flyers  who  were  permanently 

grounded.  This  compared  to 
42%  and  30%  described  in 

ni'  ,.4. 

cat!  ufciM 

respectively  (b,9).  This 
difference  most  likely 
reflects  the  generally  higher 
prevalence  of  CV  disease  in 
North  American  populations 
than  seen  in  Spain,  as  well  a 
methodologic  difference  in 
the  studies  themselves 
(primarily  the  time  span 
looked  out) . 

Miscellaneous  ceroraedical 
problems  showed,  on  the 


average  figures  similar  to 
those  described  in  previous 
studies  in  other  Air  forces 
(3).  However  a  positive 
finding  in  our  study  was  the 
illustration  of  a  meaningful 
decrease  In  aircrew  members 
disqualified  over  the  6  month 
period  of  follow-up  as  12 
aviators  (O.bBi)  from  this 
group  recovered  and  were 
returned  to  full  unrestricted 
flying  duties.  Those  were 
individuals  that  one  would 
expect  to  recover  based  on 
the  oftejj  sell  limited  nature 
ot  the  underlying  disease 
processes  that  made  up  ttiis 
"catch  all"  category, 
including  orthopedic 
problems,  pneumotlioi  ax , 
substance  abuse,  liver 
disease  and  headache. 

Classic  disease  risk  factors 
which  are  most  applicable  to 
the  military  aviator  include 
lipid  profile,  smoking  and 
regular  exercise.  The  primary 
prevoutloii  ol  coronary  heart 
disease  is  a  widely  discussed 
topic  in  the  medical 
litei'ature,  especially  in  the 
area  ol  appropinte  lipid 
prof  1 le  management  ( 4 ) .  Thus , 
its  should  not  be  surprising 
that  laboratory  abnormalities 
were*  shown  to  be  the  major 
reason  tor  temporary 
disqualification  or 
restriction  affecting  01 
examinees  (4.b7%  of  total). 
Tills  group  contained  the 
highest  number  of  affected 
airnien  who  eventually 
returned  to  flying  duties. 

80%  of  the  abnormal  lab 
findings  were  related  to 
metabolic  disorders,  the 
majority  ot  those  abnormal 
lipid  profiles.  Actual  policy 
in  our  Institute  is  to 
carefully  interview  each 
aviator  who  presents  coronary 
heart  disease  risk  factors  or 
any  other  metabolic 
abnormality  included  in  the 
regular  blochemestry  Ifib 


iituclios  currently 
accomplished  during  the 
periodical  physical  exam. 

All  the  categories  of  medical 
problems  resulting  in  a 
change  oi  Hying  status,  the 
results  ot  interventional 
etlorts  in  those  aitected  by 
metabolic  derrungenients  were 
most  promising,  as  almost 
halt  ol  those  tlyers 
restricted  or  grounded  were 
eventually  returned  to  duty. 
The  current  aoromedica 1 
literature  has  emphasized  the 
undertaking  ot  preventive; 
measures  regarding  risk 
1  actors  that  could  lead  to 
disease  that  might  jeopardize 
luture  flying  activities 
(1,4,  S,V,H,10).  Eui ly 
idontiiicution  and  active 
intervention  in  the  disease 
process  also  play  major  lules 
in  decreasing  losses  duo  to 
dlcuiiol  abuse,  obesity,  and 
other  metabolic  disci dexs. 
These  problems  are  very 
easily  lollowed-up  and 
controlled  tlirough  piofiei 
consulting  while  maintaining 
close  vigilance. 


CUNCLUtjlONii 

Ap p  r  o p i a  1 0  a  e  r  ome d i c  a  1 
guidance  u  L  I  1  1  z  1  n  cj 
restrictions  or  temporary 
disgualii ieations  should  be 
one  ol  the  main  goals  ot  the 
1  light  surgeon  in  order  to 
best  employ  the  human 
resources  ot  the  NATO 
coiiunun  i  ty' . 

A  careful  reviev/  and  analysis 
ot  the  findings  in  periodic 
physical  examinations 
performed  lor  the  ilAl'  during 
a  6  month  period  and  the 
eventual  actions  and  lollowup 
taken  based  on  those  iindings 
reveals  a  certain  degree  of 
success  in  returning 
temporarily  disgualiiied  or 
restricted  flyers  to  duty. 
The  data  demonstrateid  that 


the  greatest  number  ot 
successos  were  in  those 
cases  witli  either  sell 
limited  processes  (such  as 
orthopedic  problems  and 
simple  inilainmatury  diseases) 
or  with  disorders  directly 
related  to  diet  or  life  style 
(substance  abu.se  including 
alcoliol,  hyperlipidemia, 
transient  depression, 
hypertension).  Tliis  cli.-aily 
illustrates  the  importance  ol 
active  intervention  and  close 
tollow-up  by  aeromedical 
Iioroonncl  in  these  aitected 
aviators  and  urges  tlie 
continued  develigmienl  ol 
specific  programs  targeted  at 
tile  disease  si  ntes  that  are 
botli  Die  must  coumiouly  found 
and  most  amenable  to  tlie 
treatment  rendered  by  tlie 
Might  surgeon. 

Only  an  active  program  uucli 
as  t)iis  can  assure  the 
continued  iiiaintenance  ol 
lliglit  safety  and  optimal  use 
ot  our  human  resources. 


BIULXOGHM^UY 


1.  t'oge  V  M.  Wole  of  pru 
t^xiai  Lihj  Uiseasi-  J;i  c.ins.i  1  iui; 
ul  n.iV.ii  aarcraft  mi.vhaps. 
Aviut  6'iJ.jCf  Biiviroti  Mod. 
i'Jdl,  11:  oV/-va2. 

2.  Kulburtuii  !l  E,  Jullati  U  U, 

hxutsviert  L>  L,  Pietax'd  L  A. 
First  Euroix^wi  workshop  in 
oviation  cardiology.  Europi'an 
Hoart  Journal  1\)')2,  13:  1- 

IVh. 

i.  Edwards  H  J,  I'rlt'o  V  H. 
Uoscriptivu  analysis  ot 
modical  attrition  In  U  E  Army 
Aviation.  AviaL  .Vf-vrcf  Environ 
Hod.  IMS'),  (,0  (7)  Euppl.  A'}2~ 
'jy. 

4.  Kriiyor  W  B.  Prim-inj 
prevontiun  ot  coronary  heart 
disBa.se.  Cardiopulmonary 
aspec:t.s  in  Aerosfiaae 


Medicine.  AOAJW.  Lit  189, 
1991. 

.■j.  Van  Luiisdari  A  J, 
Prtjntiergast  F  K,  Gray  G 
PtfiiinnetiL  ijrounJiity  and 
flying  restrictions  in 
Canadian  forces  pilots:  a  10 
year  review,  Avlat  apace 
environ  Med.  1991,  03:  bll- 

‘ilb. 

6.  Urey  fuss  U  /,  V  G, 

M.irgaliat  S  Z.  will  they  fly 
tigainZ.  The  probability  ul 
wounded  military  aviators 
returning  to  flyijig  duty:  ,i 
study  of  VO  cases.  Avlat 
S'pace  ii'nvizon  wed.  198b,  bO: 
702-708. 


Aviat  Gpace  fnvrron  Med. 

1981,  11:  b73-b7b. 

7.  Underwood  Ground  K  t'.  Pre¬ 
existing  disea.se  in  aircrew 
killed  in  flying  accidents. 

8.  Hoiberq  A.  Cardiovascular 
disease  among  UG  Navy  pilots. 
Aviat  G'pace  kJiviron  Med. 
198b,  bb:  397-402. 

9.  Whit  ion  Jl  C.  Medical 
disqiia  m  ication  in  UGAl' 
pilots  and  navigators.  Aviat 
Giiace  h'nviron  Med.  1984,  bb: 
332-310. 

10.  Nutrition,  Metabtiiic 
Disorders  and  Lifestyle  of 
Aircrew'.  AGAltD,  Cl'-b33,  1993. 
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Disposition 


511 


Pormanantly  *  •  -i  h  lemporarity 

Grounded  Hestrioted  Oysqualifiod 


Paychiatric  diaordor 


Personality  disorder 


Depressive  behuiioi 


Seizeurea 


TOTAL 

CARDIOLOGY 


CAD 


\  HTA 

!  Arrythmia 

1 

[ 

1  Mitral  Valve  Prolapse 

1 

Table  1-3.  Disqualifying  aeromedical  conditions 
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Disposition 


P«ritian«ntly 

Gruuiidad 

Hestricted 

Teniporarity 

Dysqu.ilified 

Fit 

LAU 

Uyp«rchulett6runiimlu 

34 

1 

.HyperglycAinla 

3 

1 

Liver  enzynra  elevation 

4 

!  39 

Metabolic  dleorders 

Druge 

TOTAL 

4I 

1 

MlSCfciLLANliOUa 

□  rugs 

a 

3 

Degeneretlva  Siilnnl  Dleeaee 

1 

2 

Limb  FXyCunsnquenuee 

1 

0 

Positive  HIV 

1 

Asthma 

1 

1 

1 

Aloohol  abuse 

1 

1 

Ulcerative  colitis 

] 

' 

Head  Injury 

1 

12 

Shoulder  Ineetablllty 

0 

Pnournothr^rax 

0 

Viral  heputltls 

2 

0 

Headache 

0 

0 

Tumor 

1 

1 

Others 

6 

1 

TOTAL 

1 

14 

11 

Table  1-4.  Disqualifying  aeromedical  conditions 


FIRST  EXAM 


Ground »d 

Heatrict«d 

lomporarity 

Oyaqualifiad 

Fil 

OPHTALMOLOUY  (OUT  OT  1  Tag) 

a  -0.46% 

.3-0.10% 

8  0.28%  1 

(OUT  OF  20 1) 

♦% 

1.40% 

2.43% 

ENT  (OUT  OF  1 780) 

3-0.16% 

2==0.I1% 

2*/-- 1.38%  B 

(OUT  OF  20  i) 

1.40% 

0.00% 

1,34% 

NEUHOPSYCHIATRIC  (OUT  OF  1/60) 

2-0.11% 

4-0.22% 

17-=0.86%  -b 

(OUT  OF  201) 

0.00% 

1.00% 

3.46% 

CAROILOLO(SY  (OUT  OF  1760) 

2-0.11% 

7^0.30% 

2^0.11% 

(OUT  OF  201) 

0.00% 

3.48% 

0.00% 

LAB  (OUT  OF  1760) 

68-3.67% 

18-0.00% 

(OUT  OF  201) 

32.33% 

7,0% 

MISCELANEOUS  (OUT  OF  1700) 

1  -0.06% 

17-0.06%  3 

20  -1  13%  -9 

(OUT  OF  201) 

0.40% 

8.45% 

0.05% 

TOTAL  POPULATION 

16  =--0.00% 

08  -  6.53% 

87  =  4.01% 

Table  11-1.  Percentage  of  aeromedical  conditions 
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4 
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2.8/S 
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HHHHHI 
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2-y  US 

/<u0.39% 

?e0.11% 

(OUT  Of  130) 

I. AOS 

603% 

1  43% 

LAU  tOUT  Qf  1V6Qt 

41-?3I% 

l-O  06% 

39 

1 

20  40% 

0/1% 

14-0  /B% 

11  '0  02% 

12 

(OUT  Of  13») 

10.0/% 

/  91% 

10;ilLL'UJ'UL.AIIUN 

?1=-1  10% 

/I  =4  01% 

IU  .2  /1% 

til  =3.44% 

Table  11-2.  Percentage  of  aeromedical  conditions 
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INYRODUCTION.  The  Avi.At.ion  Medical 
Data  Retkieval  Syateio  (AMDRS)  i.u  a 
dynamic^  expanding  databaik^e 
currently  contain  Information  on 
153»000  inaiviciu-  Is,  and 
approximately  75,000  eeparate 
complete  examinations.  Th£>  Naval 
AHroupace  and  Operational  Medical 
Xastitute  (NAMI)  developed  AKDRS  in 
March  1983.  The  Aviation 
b'pLdemiological  Data  Register  (A£0R), 
developed  by  the  US  Army  Aeromedical 
Research  Laboratory «  ia  the  temporary 
repository  of  information  from  which 
thu  AMDRS  devfllape.  After  the 
medica.  record  is  completed  by 
reviewers^  Infocmation  ie  transferred 
for  permanent  storage  in  the  Aviation 
Medical  Data  s.- je  iAKDBi.  rho  purpose 
of  this  paper  v<ill  be  to  provide 
detail  about  the  information 
available  in  the  database,  examples 
of  previous  studies  completed,  and 
propose  specific  areas  for  future 
st'.'Ciy.  HKTHuUS.  Since  1987,  all 
current  Naval  aviation  personnel  have 
had  their  status  entered  into  the 
AHOB.  Sines  1990,  all  Naval  aviation 
phyaicel  examinatione  submitted  to 
NAHI  for  endorsement  of  physical 
qualifications  or  waivers  have  had 
the  data  frcN«  the  SF-S8  (Report  of 
Medical  Examination)  entered  into  the 
A.HD8.  As  the  examination  proceeds 
through  the  review/endorsement 
process,  additional  data  is  added  to 
the  AMDB;  including  a  list  of  all 
disqualifying  conditions,  along  with 
thr»ir  corresponding  ICD-9-CH  codes, 
and  aeromedical  disposition. 
Subsequent  examinations  are  also 
entered  into  the  AMDB,  often  on  a 
yearly  basis  if  the  Individual  In  on 
a  waiver.  RESULTS .  To  date, 
approximataly  150,000  different 
individualD  have  had  their  status 
entered  in  the  AMORS,  and 
approximately  7I,000  separate 
examinations  have  been  entered. 
CONCLUSIONS,  The  AMORS  provides  an 
extensive  data  base  from  which 
retroapect ive  studies  can  be 
pvirfurmed  to  valvdaLs  the  cuirent 
aviation  physical  standards,  the 
clinical  rationale  for  aeromedical 


diepcsition,  and  the  setting  of  new 
otandardB,  as  appropriate.  The 
potential  number  of  epidemiological 
studies  offered  by  the  databnse  is 
ilmitlcsB  and  mandates  further  study 


LIST  OP  SYMBOLS 


AAC 

Aaromadica  1  A.'v  .  ^ory 

Council 

AEDR 

.Aviation  Epidemiological 
Data  Register 

AMDB 

Aviation  Medical  Data  Base 

AMDRS 

Aviation  Medical  Data 
Retrieval  System 

8UHED 

Bureau  of  Madicine  and 
Surgery 

SUPERS 

Bureau  of  Naval  Personnel 

CD 

Considered  Disqualifying 

CMC 

Commandant  of  the  Marine 
Corps 

CNO 

Chief  of  Naval  Operations 

CNRC 

Commander,  Naval  Recruiting 
Command 

ICD-9-CM 

International 

clarslf icatlon  of  Diseases 

NAMI 

Naval  Aerospace  and 
Operational  Medical 
Institute 

NCD 

Not  Considered 

Disqualifying 

NPQ 

Not  Physically  Qualified 

PC 

Personal  computer 

PQ 

Physically  Qualified 

RPOW 

Repatriated  Prisoner  of  War 

sr-9e 

Report  of  Medical 
Examination 

SF-93 

Report  of  Medical  History 

SSN 

Social  Security  Number 

USCG 

United  States  Coast  Cur.rd 

USMC 

United  States  HarinR  Corps 

USN 

Unif^d  States  Navy 

aACKOROUND 

The  Naval  Aerospace  and  Operational 
Medical  Insticute  (NAHI  Code  42),  in 
its  capacity  as  Bureau  of  Medicine 
and  Surgery  (3UM£n''236 )  ,  is  the 
diopjsition  center  for  all 
aeromedicsl  issues  for  the  United 
States  Navy  and  the  United  States 
Marino  Corps.  The  Institute  is 
responsible  for  rev_ swing  all 
aviation  physical  examinations  for 
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Naval  aviation,  including  all  Navy 
and  Marins  Corps  officar  and  enlisted 
candidates,  all  Coast  Guard  student 
aviators,  as  wall  as  all  designated 
aviation  personnel  for  the  Navy  ard 
Marine  Corps.  Additionally,  the 
Institute  advises  the  U.S.  Navy 
Surgeon  General  on  all  aeroitedical 
policy  and  aviation  physical 
standards  for  over  twenty-five  types 
of  various  aviation  duty 
examinations. 

A  component  of  the  Institute  is  the 
Aeromedical  Advisory  Council,  a  panel 
of  aerospace  medicine  specialists 
with  extensive  operational  experience 
and  clinical  specialists  including 
Internal  Medicine,  Ophthalmology, 
Otorhinolaryngology,  and  Psychiatry. 
This  panel  utilizes  its  collective 
experience  and  specialty  background 
to  advise  the  Commanding  Officer  of 
policy  recommendations  to  be  made  to 
the  Surgeon  General.  Aeromedical 
decieion-making  by  the  group  la  aided 
by  the  data  included  in  the  Aviation 
Medical  Data  Retrieval  System 
(AMORS),  which  will  be  described  in 
this  paper. 


UEBCRIPTION  or  THE  AKDHS 

The  Aviation  Epidemiological  Data 
Register  (AEDR) ,  developed  by  the  US 
Army  Aeromedical  Research  Laboratory, 
is  the  temporary  repository  for 
information  from  which  the  AHDRS 
(Aviation  Medical  Data  Retrieval 
System)  is  developed.  NAMI  (Naval 
Aerospace  and  Operational  Medical 
Institute)  developed  the  AMORS 
(Aviation  Medical  Data  Retrieval 
System)  in  March  1988.  The  AHDRS 
(Aviation  Medical  Data  Retrieval 
Syitem)  is  an  integrated  aviation 
medical  database  system  specifically 
designed  to  improve  support  to  Navy 
and  Marine  Corps  Aviation  psrsonnel. 
Micro-88,  personal  computer  (PC) 
based  software,  was  developed  as  a 
tool  to  be  utilized  by  field 
activitiee  and  le  the  entry  point  for 
the  primary  data  entered  into  the 
AEDR  (Aviation  Epidemiological  Data 
Register) .  The  AEDR  (Aviation 
Epidemiological  Data  Register)  and 
AMDRS  (Aviation  Medical  Data 
Retrieval  System)  are  maintained  on  a 
VAXclustsr  at  the  Institute.  An 
assortment  of  relational  databases 
provide  for  easier,  more  rapid 
extraction  of  data  for  a  multitude  of 
purposes.  The  program  language  is 
Fortran. 

Micro-88  enables  field  activities  to 
enter  all  of  the  information 
contained  on  the  Standard  Form  88 


(SF-88),  Report  of  Medical 
Examination.  In  addition,  limited 
information  from  the  Report  of 
Medical  History,  Standard  Form  93 
(SF-93),  or  the  Officer  Physical 
Examination  Questionnaire,  NAVMED 
6120/2,  is  included.  The  entry  of 
this  data  Is  currently  limited 
because  it  is  narrative  in  nature. 
Future  efforts,  to  be  described,  will 
provide  for  mors  complete  entry  of 
this  information.  The  majority  of 
the  information  on  the  SF-83  (Report 
of  Medical  Examination)  ia  numerical, 
lending  itself  to  ready  storage, 
retrieval,  and  analysis.  All 
conditions  which  are  Considered 
Disqualifying  (CD),  l.e.  outside  of 
aviation  standards,  are  coded  using 
the  International  Classification  of 
Diseases  (ICD-9-CM). 

To  provide  quality  aesux'ance  of  the 
information  entered  into  the 
database,  medical  treatment 
facilities  are  able  to  review  tltoir 
examinations  for  completeness  for  the 
type  of  examination  entered  through 
the  software  provided  Micro-88. 
These  facilities  arr  to  access 

the  VAXcluster  via  modem.  Through 
the  VAX,  the  examinations  can  be 
reviewed  for  conformance  to  standards 
depsnding  upon  the  type  of 
examination.  Preoontly,  forty-four 
facilities,  which  account  for 
approximately  80%  of  all  aviation 
physical  examinations  submittod  for 
review,  have  Micro-88  capability. 

For  fdCilitiee  without  Micro-88 
capability  or  the  ability  to 
electronically  transmit  information, 
the  hard-copy  forme  of  the 
examinations  are  mailed  to  NAMI 
(Naval  Aerospace  and  Operational 
Medical  Institute).  At  NAMI,  the 
data  from  these  examinations  is 
entered  into  the  database  by  contract 
data  operators,  who  utilize  the  AEDR 
(Aviation  Epidemiological  Data 
Register)  "double  data"  entry  system, 
followed  by  a  checker  to  resolve 
dlEcrcpancies ,  which  minimi zes 
errors.  This  redundancy  allows  for 
accurate  entry  of  data  into  the 
database. 

Also  included  on  the  VAX  super 
minicomputer,  and  available  to 
facilities  with  Micro-OB  and  modem 
capability,  is  a  summary  of  the 
waiver  history  for  various  diagnoses 
hy  ICD-9-CM  code.  This  utility 
allows  a  facility  to  immediately 
assess  the  probability  of  a  favorable 
waiver  recommendation  by  diagnosis 
code  and  by  Claae  and  Service  Group 
of  personnel.  A  utility  also  exists 
which  enables  facilities  to  determine 
current  aeromedical  disposition 


Tabl«  X  The  Aviation  Medical  Data  Base  (AMDB) 
Size  and  Record  Distribution 


Number  of  records  in  the  personnel  file  102,699 

Number  of  records  processed  since  1987  170,960 

Number  of  unique  SSN's  processed  since  1987  74,932 

Number  of  SF-88's  entered  since  1990  96,183 

Number  of  SK-88's  with  unique  SSN  53,014 

Number  of  records  processed  for  waiver  40,689 

Number  of  unique  SSN's  processed  for  waiver  20,922 


policy  and  the  traqulremanta  for 
submission  of  a  waiver  request  for 
over  180  diagnoses,  which  account  for 
nearly  3C%  of  all  waiver  requests. 

NAMl  (Naval  Aerospace  and  Operational 
Medical  Institute)  also  maintains  a 
microfiche  file  on  which  are  recorded 
all  hard-copy  information  that  is 
submitted  on  each  aviator.  This 
provides  an  invaluable  back-up  of 
information  which  can  be  extracted 
when  the  Information  would  not  be 
included  in  the  database.  The 
additional  information  io  critical 
for  some  research  projects.  Future 
plans  call  for  all  information  to  be 
stored  as  an  image  on  the  VAXcluster, 
allowing  it  to  be  catalogued,  and 
subsequently  retrieved  from  a  much- 
expanded  database.  Funding  for  this 
project  is  being  '-'ressively 
pursued. 


Medical  Data  Base),  since  the 
requirement  exists  for  all  enlisted 
aviation  personnel  to  have 
examinations  submitted  at  candidacy, 
and  all  officer  personnel  to  have 
examinations  submitted  at  candidacy 
and  at  least  every  three  years 
thereafter,  the  present  database  has 
existed  long  enough  to  Include  all 
personnel  currently  on  active  flying 
status.  This  number  is  approximately 
100,000.  To  date,  170,960  different 
examinations  have  been  entered  by 
status  in  the  AMDB,  with  74,932 
unique  SSN's  (individuals)  entered. 
Since  1990,  96,183  SF-B8'b  (Report  of 
Medical  Examination)  have  been 
entered  into  the  AEDR  (Aviation 
Epidemiological  Data  Register) , 
representing  53,014  unique  SSN's. 

The  personned  file  contains  102,699 
distinct  records  by  SSN.  (Table  I). 


EXTENT  OF  THE  FRESENT  DATABASE 

Microfiche  records  have  been 
maintained  since  1970.  There  are 
160,000-200,000  Individuals'  records 
on  microfilm.  Since  1987,  all 
current  Naval  aviation  personnel  have 
had  their  status  entered  into  the 
Aviation  Medical  Data  Base  (AMDB) . 
This  means  a  record  of  whetlier  the 
Individual  is  physically  qualified 
(PQ)  or  not  physically  qualified 
(NPQ),  as  well  as  whether  a  waiver 
was  or  was  not  recommended,  and  their 
duty  statue,  i.e.  Class,  Service 
Group,  or  specific  type  of  aviation 
duty.  Since  1990,  all  Naval  aviation 
physical  examinations  submitted  to 
NAMI  (Naval  Aerospace  and  operational 
Medical  Institute)  for  endorsement  of 
physical  qualifications  or  waivers 
have  had  the  data  from  the  SF-S8 
(Report  of  Medical  Examination) 
entered  into  the  AMDB  (Aviation 


Figur*  1  Records  by  Gender 


As  of  January  1994,  the  database 
included  records  on  51,496  males  and 
2,538  females  (Figure  1).  The  age 
distribution  includes  age  18  to  age 


Histogram 


7S.  Tha  maan  age  of  paraonnel  in  the 
databaaa  la  3S  (Figure  2).  There  are 
36,949  Claea  1  personnel  (those  in 
actual  control  of  aircraft)  and 
106,396  Claao  11  personnel  (all 
others  serving  in  aviation  duty),  of 
the  Class  1  peruonnel,  there  are 
records  on  37,632  Service  Group  1, 
1,038  Service  Group  2,  and  279 
Service  Group  3.  A  total  of  40,689 
records  have  been  processed  for 
waivers  to  the  physical  standards, 
representing  20,922  separata 
individuals.  Although  the  waiver 
utility  on  the  VAX  does  not  provide 
detail  about  all  of  the  Class  II 
personnel,  because  at  least  three 
bIoc)cs  on  the  SF-8G  (Report  of 
Medical  Examination)  indicate  the 
typo  of  examination  or  duty  status, 
data  can  bo  extracted  by  very 
specific  typos  of  duty. 

As  the  examination  proceeds  through 
the  review/endoraement  process, 
additional  data  is  added  to  the  AMDS 
(Aviation  Medical  Data  Base); 
including  a  list  of  all  disqualifying 
conditions,  along  with  their 
corresponding  IC0-9-CM  codes,  and 
aeromsdical  disposition.  Subsequent 
examinations  are  also  entered  into 
the  AMDB,  often  on  a  yearly  basis  if 
the  individual  is  on  a  waiver. 


PREVIOUS  STUDIES  CONDUCTED  FROH  THE 
DATABASE 

In  1990,  an  exteuslve  evaluation  was 
conducted  producing  the  Avlatrix 
results.  This  study  utilirod  all  the 
information  maintained  in  the 
database  as  it  was  an  analysis  of  nil 
SF-88  (Report  of  Medical  Examination) 
items  and  ICD-9-CM  diagnoses  for  all 
of  the  women,  in  Naval  aviation.  The 
results  of  the  study  havs  been  used 
on  numerous  occasions,  not  the  least 
of  which  was  during  the  recent 
debates  on  "Women  In  Combat." 

The  anthropometric  standards  were 
developed  bused  on  the  Naval  Air 
Systems  Command  analysis  of  cocjipits 
in  the  inventory  at  the  time  the 
standards  were  established.  This 
learly  resulted  in  the  .nacossity  of 
he  pilot  being  selected  to  fit  the 
cockpit.  More  recently,  the 
authropoiMetric  data  maintained  in  the 
database  is  being  utilized  in 
designing  and  re-designing  coc)cpitB. 
This  information  does  not  reside  i.n 
any  other  readily  acceseible  form, 
underlining  the  importance  of  the 
database  in  the  decision-malcing 
process,  not  only  for  aeromedical 
decisions,  but  also  fo  desj.gn 
efforts  in  the  man-machine  interface. 

Whf'never  the  Aeromedical  Advisory 
Council  examines  an  issue  for 
pctentisl  policy  change,  the  database 


benomaB  an  Invaluabla  aourco  ot 
iiii:oritiation>  ravaaling  viot  only  tha 
extant  of  the  problem,  but  also  an 
indication  of  pravioun  aaromadical 
diepoait ion.  Thin  foundation 
providaa  the  bas.ia  for  much  more 
aclentific  recon<nandationa  to  the 
durgaon  Ganarsl  aa  aaromadical  policy 
is  formulated. 

During  1991,  the  idea  wau  born  tu 
change  the  frequency  of  a .bmiwaiona 
of  aviation  phyaical  examinations  for 
thoaa  who  had  a  waiver  of  atandardB 
to  continue  flying.  By  determining 
the  frequency  of  waivarad  diagnouae, 
a  more  Intel ligont  recommendation 
with  greater  impact  was  developed. 

An  analysis  of  the  data  led  to  a 
recommendation  to  reduce  the 
frequency  of  submiesion  for  UUMKD 
eridorsement  of  certain  conditions  for 
waiver  continuance  which  had  been 
determined  to  nut  progreae  advarealy 
during  the  aviator's  career.  Thie 
has  led  to  an  easing  of  the  burden  on 
local  flight  surgeons,  medical 
treatment  facilJ.tiss,  and  IidHiiD-236, 
reducing  man-hours  and  costs,  without 
having  an  adverse  effect  on  aviation 
safety. 

The  uaerr  of  this  extensive  database 
extend  far  beyond  the  aeromedical 
community.  Included  among  the 
activities  using  information  from  the 
database  in  their  decision-making 
processes  nave  been  the  Chief  of 
Naval  Operations,  the  Chief  of  the 
Bureau  of  Naval  Personnel,  and  the 
Commandant  of  the  Marine  Corps.  The 
database  is  widely  recognized  as  a 
resource  that  leads  to  intelligent 
decision-muking. 

Numerous  examples  of  the  application 
uf  the  database  are  exemplified  by  a 
review  of  historical  utilization  of 
the  database,  the  Commandant  of  the 
Marine  corps  has  used  an  analysis  of 
the  number  of  candidates  found  Not 
Physically  Ouallfied  and  without  a 
recommendation  for  waiver  to  predict 
the  number  of  candidates  who  must  be 
selected  for  aviation  slots  in  order 
to  meat  pilot  t. raining  requirements. 
When  the  United  states  Marine  Corps 
was  considering  the  use  of  contact 
lenses  for  certain  designated  pilots, 
the  databaee  waa  an  Invaluable 
resource  for  determining  the 
potential  impact  of  such  a  decision 
by  assessing  the  number  of  Marine 
aviators,  flight  officers,  and 
aircrewmen  with  visual  acuity  less 
than  20/20  uncorrectad.  The  United 
States  Marins  Corps  re-evaluated 
their  weight  limit  standards 
following  a  review  of  the  number  of 
their  designated  aviators  who 


exceeded  their  previous  maximum 
weight  standard,  but  weighed  within 
the  design  limita  of  the  ejection 
eeata  in  current  aircraft. 

The  Naval  Air  Warfare  Center  Aircraft 
Division  has  utilized  the 
anthropometric  data  to  aide  in  the 
development  of  an  advanced  anti-0 
garment.  The  Chief  of  Naval 
Operations  uciiized  anthropometric 
data  for  women  Naval  aviators  to 
asseeu  the  validity  of  cockpit  fit 
chacke  by  the  Naval  Aviation  Schoola 
Command  In  assigning  individuals  to 
various  aircraft  pipelinwa.  Most 
recently,  the  Proeldential  Conmlaelon 
on  Women  In  the  Armed  Forces  analyzed 
the  nun^ser  of  pilots  who  have  become 
pregnant  while  serving  in  a  flying 
aasignmant. 

Visual  acuity  standards  for 
candidates  ware  re-addi eased 
following  an  inquiry  by  the  Officer 
Community  Manaqar  of  thn  Bureau  of 
Naval  personnel.  Subssr  uontly  the 
visual  acuity  standard  .'or  applicants 
to  pilot  training  was  cha.tged. 

The  Naval  Aerospace  Medical  Kujearch 
Laboratory  has  made  numerous 
inquiries  of  the  database,  Including 
identification  ot  hypertensive 
aviators,  other  aiagnosas  that  have 
been  investigated  by  the  Naval 
Aerospace  and  Operational  Medical 
Institute  include  coronary  artery 
disease,  ventricular  septal  defects, 
those  leading  to  determination  of  Not 
Aeronautical ly  Adaptable,  and 
defective  depth  perception  and  its 
relation  to  defoctiva  uncorrocted 
viEual  acuity. 

The  database  has  alu.o  been  utilized 
for  quality  assurance  puriioees,  i.e., 
what  ere  the  rumbere  of  individuals 
found  Pliyalcally  Qualified  by  medical 
treatment  facliltlee  at  other 
locatlons  in  the  country,  but  found 
Not  Physically  Qualified  once 
reporting  for  initial  flight  training 
at  Naval  Air  Station  Pensacola. 


FUTURE  UTILISA'flOH  OF  XBE  AMDS 

In  1989,  the  visual  acuity  standard 
for  entrance  to  Navy  pilot  training 
was  changed.  The  capability  now 
exits  wirh  the  AMDB  (Aviation  Medical 
Data  Uase)  to  assess  the  rate  with 
which  the  visual  acuity  of  these 
individuals  has  changed  and  whether 
the  Navy  is  losing  the  services  of 
its  trained  pilots  earlier  because 
these  in'lividuala '  visual  acuities 
deteriorate  outside  the  standards  for 
Service  Group  I  or  Service  Group  II 


bator*  thair  carau^c  in  fiying  is 
compiata.  Tha  distinction  among  tha 
various  sarvica  groups  datanninaa 
whsthar  a  pilot  is  abla  to  t'ly  on  and 
off  of  tha  ship,  or  must  fly  with 
another  pilot  qualifiad  in  airframa 
type  (i.o,  dual-controllad  aircraft). 
Tha  outcome  of  auott  a  roviavj  could 
have  a  large  monetary  impact  on  Naval 
aviation.  Tho  informaticn  exits 
within  tha  database  to  datarmina  such 
outcomes. 

As  tha  value  of  this  databasa  for 
apidamiological  purposes  betomau  more 
widely  racugnir.ad,  other  warfare 
spscialtiaa  and  agencies  have  gained 
intarast  in  its  use.  Should  other 
warfare  specialties  elect  to  utilize 
a  similar  system,  the  power  of  tha 
database  in  atatistical  analysis 
would  multiply.  Lihawisa,  bringing 
tha  United  States  Air  Force  and 
United  States  Army  aviator  physical 
examination  data  and  waiver  history 
into  tha  database  would  further 
increase  its  value  for  asromedical 
dec  i  a  ion-male  ing . 

Other  databases  are  also  maintained 
on  tha  VAXuluetar.  Included  among 
these  are  the  reeulta  of  the  Aviation 
selection  Test  Battery,  which  is 
administared  to  all  potential  pilot 
and  Naval  Flight  Officer  candidates 
for  Naval  aviation  and  utilized  in 
the  selection  procees.  Combining  the 
information  in  this  database  provides 
an  additional  tool  for  pilot  and 
Naval  Flight  Officer  selection. 

Finally,  the  data  from  the 
Kapatrlatod  Prisoner  of  War  (UFOW) 
study  and  the  IClOO  Aviaror  Study  are 
currently  being  added  to  the 
VAXcluster.  Information  from  those 
studies  increases  the  longitudinsl 
value  of  tha  database,  and  could  be 
utilized  to  further  validate  the 
appropriateness  of  asromedical 
standards  and  waiver  recommendations. 

The  utility  of  the  database  in 
nai-nmedicr i  decision-making  can 
expand  further.  For  example, 
currently  any  aviation  personnel  with 
a  history  of  seasonal  allergic 
rhinitis  (SAR)  after  age  twelve 
require  a  waiver  to  be  on  flight 
status.  By  evaluating  the  outcome  of 
those  on  waivers  for  SAR,  it  may  be 
possible  to  alter  the  requirements 
for  waiver  or  waiver  continuance 
Bubmiseion,  particularly  if  an 
adverse  outcome  from  these  waivers  is 
not  identified.  This  same  concept 
could  be  applied  to  any  other 
frequently  walvered  condition.  The 
end  result  of  such  an  analysis  could 


be  a  subetantlal  aavirgs  In  both  time 
and  money. 


CONCLUSIONS 

In  summary,  the  Aviation  Medical  Data 
Retrieval  Syetem  (AMDRS)  has  proved 
its  utility  In  ae.wral  aeromedical 
decision-inaking  prucaseas  in  the 
paat.  The  power  of  the  database 
growB  daily,  both  In  terms  of  numbers 
adaed  to  tha  database  as  wall  as 
overall  scope  of  tha  databaeu. 

Futura  analysis  of  tha  data  can  be 
utilized  to  review  and  revise 
aviation  phyaical  standards,  as  wail 
as  analyze  tha  waiver  recommendation 
process  for  its  impact  on  aviation 
safety.  An  raaourcas  diminish  for 
support  of  tha  military  aviation 
structure,  tha  ability  to  formulate 
intaiiigent  aaromsdical  standards  and 
policy  ie  paramount  and  grows  in 
value.  It  is  paramount  that  we 
select  for  training  the  best 
individuals  and  those  who  can  be 
msintuinud  safely  in  a  flight  status. 
As  efforts  are  increased  in  a  joint 
climate,  tha  ability  to  compare 
experience  among  the  United  States 
Navy,  United  Statss  Air  Force,  and 
the  United  states  Army,  grows  in 
value.  Additionally,  tha  ability  to 
study  the  epidemiology  of  the 
aviation  community  is  invaluable. 

The  AMORS  <Avlation  Medical  Data 
Retrieval  System)  provides  an 
exteneive  data  bsae  from  which 
retrospective  etudiue  can  he 
performed  to  validate  tha  current 
aviation  physical  standarde,  tha 
clinical  rationale  for  aeromedical 
disposition,  and  the  setting  of  new 
standards,  as  appropriate.  Thu 
potential  number  of  epidemiological 
studies  offered  by  the  database  is 
limitless  and  mandates  further  study. 
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l«iboriitory  touts  in  body  tluid:; 
OLO.  an  OoL-iontial  part  ol  tlio 
joroniodical  oxcii»  i  nat  i  on  .  it 
holpK  to  lind  objootivo  data  in 
a  poor  nnaiiinoui s , Noarl y  all 
pilots  tell  un  they  loci 
healthy  and  lit  tor  l  yinq 
duty.  'I'hc  chodiioal  lindinq 
.sometimau  qivo  nurpj’ in i nq 
renu  1  ts .Hoauuroniinits  arc  ol  a 
hiqh  tciohnioal  standard , qua  I  i  ty 
control  qua ran toon 
ro  I  i  ubi  1  i  ty .  So  noonc  t:an  iqnor  o 
an  iibnorraal  laboratory  niuanuro. 
'I'lio  ranqc  ol  tost  prui  lUiu  in 
acromodlcal  ux.inii  nation  in 
civil  and  military  roqulationn 
is  dill oront. 

Our  laboratory  proqrani  lor 
pilots  Iej  now  rolorracd  and  will 
bo  part  ol  thu  roqulatjons  1  or 
thu  aoromcdical  uxani  i  nat  ion  . 

Tho  selection  ol  laboratory 
ycrooninq  tost  ioliowr;  uonic 
criteria . 

-Uolovancu  lor  a  sal cty 
rcluvalit  dir.ordor 
-'I'ost  is  sul  1  iciont  apncil  ic 
.ind  KGiib i  t  i  VO  . 

-Toot  can  be  automated  and 
(’conotii  i  ca  1  1  ly  pcrlornicd  . 

.Spociai  in  military  duty 
acyraptoniatic  chronic 
deseascL: , whi eh  may  be 
aqqrnvatod  in  extreme  climate 
mu.st  bo  excluded. 

Pauxe  xauLino, 

An  basic  routine  tentn  lor  oatdi 
examination  in  demanded  urine 
anaiynio,  blood  ixd  I  count,  Wlic 
d  i  1 1  cront  i  a  t  i  on  ,  and  VPUL  tc;-;t 
or  TPIIA. 

Fund  Lull  at  kidney. 
laboratory  data,  reqardinq 
ur ine  anaiys i n , BUN , area t i n i n , 
are  otten  liict  ciqn  of.  kidney 
denease . 

Host  important  is  proteinuria 
in  tho  ranqo  of  lOO  mq/dl 
leaxling  to  asymptomatic 


q  I  omeru  1  cjiu;phr  i  t  i or  cystic; 
doqoncfuL  i  on  includintj  sliqht 
elevation  ol  cnexatinin.  'rhir. 
cp;t  normally  apparent  in  the; 

I  i  rst  ex.inii  nat  i  on  in  pilot 
,ipp  I  i  c.'ants .  In  the  periodic; 
senium  incj  the;  hcmutui'ia  was 
somo.ti nice  the;  only  e;linie;al 
siqhii  ol  .111  maliqnoma  ol  kidiu;y 
and  bl.ielde;r.  On  the  othiu  side 
uriii  I  indinq::  .in;  ol  teni  not 
re;produe;  i  bl  e>  .ind  must  be 
re’pe;dted  bol  on;  linal 
el  i  aqno:;  i : . . 

Fuiiijl.iuit  ut  l.ivnr. 

Ilnzymes  and  Bilirubin  must  be 
dejtari'ii ritid  in  everyone:.  '! n  om 
expe'riance  elevated  lliliruliiii 
war.  nevi;r  efause  e)l  nu;dical 
tloci:;ion.  Normally  Meu  1  cnqi\u;hL 
anomaly  without  ix;  I  e;vaiu:e  must 
be:  assumed,  in  about  10  t  of 
oui'  pilot;',  thi:;  i:.;  tho  i;a!:o. 
i;nxyme;s  .an:  not  really  spoi;il  ie; 
but  they  may  load  to  a  chronic 
inloctiuo:4  hep.ititis  or 
a  Icejholabusufi,  v/hich  has  to  be- 
coni  i  ruled  by  spccil.  ic 
diaqnostic  proceHlun;. 

Inapp.innit  e;hroni<.;  inloctioub 
hc;p.ititi::  must  bo  excluded 
o:;peciaily  in  tlioso,  who  will 
bo  sent  in  tropical  .iroas, 
because  the;  poss  i  bi  1  i  I  i  ty  ol 
man  i  testation.  Our  :-.e;reen  i  nq 
proqrara  includias  Anti  IIUx;, 
nU.S.Ae1,  AntillCV.  IIAV  is  not 
known  lor  porsix.tent  intection, 
ljut  it  is  nocor.sary  tor 
doe:iL;ion  ol  i iimiun i sat i on  to 
e;hce;;i  Anti  IIAV.  A  hcipatitis- 
:;cre;etiinq  proqraw  tor  each 
pilot  may  bo  an  ocomomical 
problem,  because  tho  i  r  hitjh 
expenses.  It  is  demanded  lor 
all  soldiers  scuit  to  tropical 
acroas . 

Jjiver  en cymes  are  clavate:d  in 
exhronic  alcoho  I  abusuo ,  wh  i  ch 
exxcJude  Ironi  1  lyiiiq 
duty .bpocll ic  psychiatric 
exploration  is  compUvtod  by  ei 
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Laliai  jtoi'y  toiit;:  in  body  lluids 
nti?  an  nnnont in  1  jjurt  ul  tin; 
.uU'oracd  i  on  1  cxnnii  nat  i  on .  It 
help;;  to  tind  objootivu  vlata  in 
a  poor  ananinoLi  i  n  .  Noa  r  1  y  all 
pilots  toll  UK  tliuy  (cicl 
hoalthy  and  lit  lor  1  lyinq 
duty,  'rhu  ohumib.il  lindinq 
somotimes  qivu  surprii.;  1  nq 
I'ddu Its . KcaburcranntK  aro  ol  a 
hiqh  txKJhnio.ii  otandard , qua  I  i  ty 
dontrol  quarantooK 
rt:l  i  abi  J  ity .  So  noono  tan  iqiioi  t; 
an  abnorraa  I  laboratory  nitiauurc!. 
’I'hQ  ranqo  ot  tost  prol  i  I  [;s  in 
aororacid  ical  exam  i  nat  i  on  in 
bivil  and  military  roquiationn 
is  dill urent . 

Our  laboratory  pioqraiii  lor 
pilots  ir.  now  rulorniod  .nid  will 
bo  part  ol  tht;  roquiations  lor 
the;  aororoodioal  exam  i  imt  i  on . 

Tlio  sin  1  uot Lon  ol  laboratory 
lioiaion  i  nq  tert  lollowr.  somo 
ori  tur  i .. . 

-Kniuvanoo  lor  a  sm oty 
rolovant  dinordor 
-Tost  is  aul.liciunt  spocilio 
and  sonsitivo. 

-Tust  ban  bo  automatoJ  and 
Cbononii  call  1  y  pend  ornu:d  , 

.':p<!oia.l  in  miJitary  duty 
aaymptoniat io  chronic 
dcscasos, which  may  be 
aqqravated  in  extreme  cliniato 
must  bo  excludc;d. 

liaii  J  C  i'i  ii  L  t  tit:  . 

As  basic  routine  tests  1 oi  each 
examination  in.  demanded  urine 
analysis,  blood  cell  count,  WHC 
di 1 1 orent i at i on ,  and  VDIU,  test 
or  TPIIA. 

FuncLiun  <il  kidney. 
laboiatory  data,  reqardinq 
urine  ana i ysis , BUN , creat in i n , 
are.  often  I  irst  sign  ol  kid)u;y 
desease . 

Most  important  i  r;  proteinuri.r 
in  the  ranqo  ol  100  mq/d I 
leading  to  a.syiiiptomat  ic 


c)  I  omuru  1  onophr  i  t  i  s  or  cy.stic 
dcqoneiation  includinq  slidht 
oi  ovation  ol  ci-cuti  n  i  ri .  'I'lii;; 
qot  normally  apparent  in  the 
I i rst  examination  in  pilot 
applicants.  In  the  jieriodii; 
.screen  inq  the  licmatui  ia  w.is 
'.-.onioti mes  tlie  only  clinical 
siqhn  ot  an  nialiijnoma  ol  kidney 
and  bladder.  On  the  other  side 
urin  lindinqn  are  ol ton  not 
ropioduc i bl e  aiul  must  be 
ropo.ited  bolore  l  inal 
d  i  aqnos i s . 

yuiial  it.ni  id  l.iVcT. 

Kiizymos  and  Bilirubin  mur.t  bo 
dxitcrmi  nod  in  ovoryont;.  In  our 
cxpori.nuio  elevated  Bilirubin 
was  never  cause  ol  medical 
dt;ci;;ion.  Noiiiially  Meulonqracht 
anomaly  without  relovance  mui;t 
be  assuniod.  In  al)out  10  1.  jl 
our  pilots  this  is  the  i.;usc. 
Iln/.yinos  are  not  I'oally  soocilic 
but  they  may  load  to  u  chronic 
inloctiuoM  hepatitis  or 
a  1  coho  I  abusur, .  which  has  Uo  be 
coni  i ruled  by  spec.il  is 
dlaqnostic  procedure. 

Inapparent  chronic  inlcKitious 
hopatitis  must  be  oxfiludod 
ospcei.aily  in  thoso,  wlio  will 
bo  sent  in  tropical  areas, 
because  Ltio  post:  i  bi  I  i  I  i  ty  ol 
nialii  Icstat  Lon  .  Our  scrooninq 
program  includes  Anti  IlUc, 
HBBAG,  AntillCV.  HAV  i  .s  not 
known  lor  persistent  ini  eel. ion, 
but  it  is  !COKsary  tor 
decision  o,  immunisation  to 
check  Anti  IIAV.  A  llcpat  i  t  i 
screoninq  p  oqrani  ior  each 
pilot  may  bi;  an  ocomoinical 
problem,  because  their  hiqh 
expenses.  It  is  demanded  lo^ 
all  .soldicr.T  sent  to  tropical 
aoreas . 

I.ivcr  encymes  arc  elevated  ii 
chion i c  a Icoho I abusus , wh ich 
oxcJ  udo  I  roni  1  lyi  nq 
duty .Kpecitic  psychiatric 
exfiloration  is  completed  by  a 
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special  laboratory  data 
evaluation.  In  1983  I'oucrloin 
and  coauthors  discrimiiiatod 
patients  with  alcoholabuse  by 
hiqh  normal  and  elevated 
ALT,AST,GGT,MCV  and  low 
Creatinin  and  Urea  (1).  We 
tried  this  many  years,  but  we 
loel  it  is  not  sjioeilic.  Only 
elevated  both  Gamma  G'l'  and  MCV 
are  clear  lindings.  Ginco  1994 
we  test  the  now  parameter 
carbohydrate  deticiont 
tranalerrin  (2).  This  is 
diiturmincd  by  HI  A.  We  can 
distinguish  Gamma  G'l'  elevation 
by  alcohol  intoxiv'ation  and 
other  disorders. 

Ij.i p i d  screen  i  ng 

Lipid  monitoring  is  rauiiily  piirt 
ot  preventive  medical  progrann; 
(3).  There  ill  less  aeremedical 
■signil  ic.nneo.  tveii  in  the 
possibility  ol  sudd<'n  heart 
faHuru  it  may  be  regarded. 
There  is  no  doubt,  1,1)1, 
ohoiosterol  is  a  risk  i actor  in 
CUD.  Heart  and  circulation 
problems  arc  the  most  1  regent 
medical  causes  ol  licence  lost; 
in  intornaj  medicine.  Not 
cholesterollevel ,  but  clinical 
maniiestation,  in  blood 
pressure  or  EGG,  made  the 
doc  it;  ion. The  employer  ha:;  a 
hiqh  iiitorcst  to  keep  the  pilot 
as  long  as  possible  in  a  1  Lying 
status.  Klevated  cholesterol 
can  be  treated  an'J  the  risk 
reduced.  Nearly  all  alder 
pilots  exceed  the  range  oi  200 
mg/dl  cholesterol  which  is 
suggested  by  the  German 
artorioGciorosis  association 
tor  intervention.  In  exceeding 
level  test  must  be  completed  by 
triglycerides,  HDL-,un(l  l.UI, 
cliolcstorol .  The  borderline  lor 
LDL-cholcsteroi  ol  100  mg/dl.  i;; 
alr.o  exceeded  mostly,  but 
people  can  be  motivated  to 
regurd  this  in  their  lit'e.stylo. 
for  turther  determination  of 
cardiac  risk,  we  propose  the 
l.I’a .  The  problems  in  LPa  are 
the  lack  ol  an  automated 
testsystcra.  It  is  also  not 


known, how  to  manage  elevated 
LPa. 

Aeroraodical  decisions  only  by 
Hyperlipidemia  is  made 
exclusively  in  applicants 
initial  examination. 20 
applicants  were  in  1993 
rejected  by  internal  medii;ine 
tlisorder.'-.  .2  ol  them  had 
exeessive  larailiar 
hypei cholestcr inemia • 


Metabolic  ;;y)K/ro/in;. 

Metabol ic  syndrome  includes 
ili.ibotes  typ  11,  hyperuricemia, 
:;ei.;ondary  hyperlipomia.lt  is 
also  risk  ol  CUD. Diabetes 
meUitus  has  the  higher.t 
aoromed  iea  1  re  I  evanco  .'I’hcret  ore 
we  inaiuted  lol lowing  procedure: 
in  all  initial  exam Inat ions  a 
(}lm,;oso  tolerance  ter.t . 

In  the  yearly  cxami;)ation 
I  aututi  Ulood  glucose  and 
irostprandi  a  1  blood  glucose. 

In  many  years  wo  lind  oC'l'T  is 
not  suiricient  loi'  screening  in 
the  yearly  examination  bcHMUse. 
its  l.ick  in  spoeilicity  (4). 

Hut  because  its  hiqh 
sensitivity  it  is  possible  to 
exclude  salely  diabetes  In 
young  fjcoplo.  TIH!  postpi'und  i ai 
blood  ijlucoc.e  gives  in  our 
experianco  not  more  additional 
iiUormatiun  in  carbohydrate 
tolerance,  than  1  astcii  blood 
glucose  alone. 

Metabolic  synUromiis  art! 
:;ometiines  very  dillicuJt 
acromdedical  decision.  'I.'his  may 
be  illustrated  in  one  typit;al 
history: 

In  19U9  a  40  years  old 
helicopter  pilot  100  kg,  blood 
pressure  ir,0/110  mmllg  has 
lol  lowing  laboratory  tindingr. : 
l''a.sten  blood  glucose  1 4 7 
nig/d  1  ,  no  g  1  ucosu  r  i  a  , 
triglycerides  .374 
iiiq/dl  , chol  estero  1  274 
mq/dl, gumma  GT  33  11/ I  . 

The  decision  revealed:  not 
guaiil  lod  lor  1  lying  status  tor 
3  month.  I'indinqs  get  better 
while  trying  hard  to  Loose  Kome 
kg. 


and  hu  get  bacK  to  L lying 
status,  in  'Ji  again  hypurlipomia 
in  thu  ranqu  of  217  iiig/dl  LDI. 
cholosterol,  qainma  GT  39,  urin- 
aoid  8,7  mg/dl , normal 
bioodglucose  and  blood 
pressure,  but  still  QXcessive 
overweight. The  decision  was  now 
DNIF  and  repc'atud  examination 
within  3  month  at  our 
institute. in  94  his  weight  was 
still  97  kq,bi.'t  all  laboratory 
results  were  nearly  normal.  We 
arc  .sure,  he  will  qet 
aeroraedical  problem;;  again  and 
again. 

AnLi.  II JV  . 

IIIV  inlectiona  are  of  high 
aoromcdical  relevance  mainly 
booauso  the  possibility  ol 
neurological  and  psyc.hiatric 
comp  1 icat ions .  Mvon 
anymptomat  i  e;  in  Lections  are  a 


gaiety  risk  and  must  bo 
excluded  trom  1  lying  duty.  HIV 
tests  in  GAl’  are  strongly 
optional  and  cannot  be  part  ol 
the  periodical  nodical 
ex.imination .  'I'horelore  the  GAF- 
1AM  started  since  1988  an 
inlormation  program  encouraging 
the  pilots  lor  IIIV  Toilting.  Now 
lot  with  increasing  tendency 
sign  lor  a  test.  Up  to  this 
time  we  loutui  in  about  (iOQ 
test:;  a  year  no  positive 
1 esu I ts . 


Mo.st  l  easons  oi  di  ;:gu.i  I  i  t  i  ng 
lor  1  lying  duty  in  intiunal 
medicine  reasons  are 
cardiovascular  disorder!;.  The 
next  table  is  showing 
the  di squal  i  1  ied  ,  whii;h  gist 
apparent  only  by  laboratory 
rosu I ts . 


al  1 

tl  i  ;iqu  . 

k i dney 
<1  i  !;order 

1  iver 
encynic: 

raetabo lie 
dir.order 

annual  exam. 

u:j 

1 

1 

2 

initial  (.;xani. 

20 

2. 

1 
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SUMMARY 

The  pvova  1  enoo  of  kliyvoid 
diuoaucu  iu  almout.  t  o  l  % 
HYpoChyi  oidiuni.  whetht*!  p  i  lma  r  y 
(thyioidal)  oi  aucondary 
( hypothyi ofci'op i o  and,  rarafy, 
hypo thu  1  arni c )  ocouiH  at  .ilJ  atioii 
and  la  more  common  in  women,  it.u 
frequency  variea  daneiidlnq  on 
file  population  lUndlud.  Thn 
prevalence  of  overt 
Iiypot  hy  r  0.1  dl  nm  la  t)  .  h  to  2  %  . 
liven  though  hypot  hy  i  o  1  d  i  nm  In  an 
uncommon  cnuae  of  di  neaH**,  It 
neviM  the  1 eau  decreuuou 
pnyohologiciil  and  piiyu  1  oloq i cai 
eftlcency,  modifing  the 
aeromedical  utandardu. 

Hypothyroidlum  lu  an  involved 
cl inical , me tabol i c  condition 
nupported  by  inadequate  thyroid 
lunction.  Klevation  of 
thyrotropin  blood  lovelu  in  a 
uenoitive  indicator  of  deci uauod 
thyroid  gland  function  (primary 
hypothyroidiom) . 

In  thin  uLudy  we  evaluated  the 
prevalence  of  aubclinical 
hypothyroidiBiii,  characterized  by 
an  elevation  of  TSH  luvelu  with 
low  luvelu  of  ueruni  thyoxlue  and 
medium- low  levelo  of  free 
tiroxiiie,  .lii  subjectu  examined 
at  thr  I'urenBio  Medical 
Inutitute  of  lAI',  duriiiq 
ordinary  checkupo. 

We  invLiutlgated  on  .IS  people, 
military  and  civilian,  aged  from 
2S  to  70  yoaru  with  low  blood 
thyroxine  (HIA)  levels  (6B-llb 
nmol/ml  versuB  normal  values  of 
65-117  nraol/ml)  Vatienta  with 
non  thyroidal  illncBU,  those  on 
medications  affecting  thyroxine 
and  those  with  tliyroid  druease 
were  excluded  from  the  study. 
Determinations  of  thyrotropin 
hormone  (IRMA)  were  obtained  on 
the  3b  subjects.  Klevation  of 
thyrotropin  was  found  in  12 
persons.  Six  of  these  were 
started  on  thyroxine  therapy 
with  b-thyroxine  (50  pg/die)  . 

Thyrotropin  hormone  elevation  is 
an  early  indicator  of  decreased 
thyroid  function  and  subclinical 
hypothyroidism  may  be  recognized 
by  thyrotropin  screening  in 


uubleclu  wltli  medium  low  levels 
ot  uoruKi  thyroxine. 

In  aeromedical  evaluation  the 
nci  eenliig  in  i  ecoommended  for 
nelei’tlon  ami  suitability  to 
fly. 

1  introduction 

*t'he  clittfeal  Liyndi’omc  ol 
hypot  hyioidl  oin  wau  first 
tie.  Bttf  i  bed  by  Gull  in  18  74  (Ref 
1 ) , t ho  term  myxedema  was  coined 
by  Old  tour  yea is  later  (Ret  2). 
Althougli  myxu'dc'Hia  was  not  a 
constant  ieature  ol 
liypothyroidi  um,  the  two  terms 
are,  oven  today,  often 
erroneously  uuod  synonymously. 

It  wau  also  widely  accepted  In 
the  punt  that  hypothyroidism  wau 
au  "all  or  none"  jihenomc non . 

With  the  advent  of  procluo 
diagnostic  tucliniqueu  to  mcauure 
thyroid  function,  however,  it 
became  clear  th.it  hypot  hyi  oi  di  um 
lu  a  graded  phenumunon  in  which 
niyxedoina  prouentu  the  fully 
developed  and  often  tar  advanced 
uyndrome . 

Hypothyroidism  can  bo  defined  au 
■  he  clinical,  biochemical  and 
metabolic  oyndvomo  reuulting 
(roiu  inadequate  thyroid  hoLiiioiic 
production  and  uub-normal 
thy)  old  horiuone  coiiceutration 
or,  from  faulty  tr anuduc t i on  ot 
the  thyroid  hoinioue  lueuuage  (Ref 
3) .  The  Inadequate  production 
may  ))e  cauued  by  diuorduru  ot 
the  thyroid  gland  ituelf,  by 
anterior  pituitary  insufficiency 
OT’ ,  nnconimonly,  by  hypothalamic 
abnormalities  (Rot  4)'. 

Resistance  to  the  ai-tion  ot 
thyroid  hormoneu  is  a  very  rare 
cauue  of  hypot hyro ■ dl um  (Ret  5) 

Ilypothyroidiuin  may  occur  at  ail 
ages  and  has  different 
characteristics  and  conuequenceu 
at  different  utageu  of  life.  It 
is  much  more  common  in  females 
(I-'/M  =  4.7/1)  and  in  the 
elderly  (Ret  6) .  Clinical 
evidence  ot  hypothyroidism 
varies  widely  How..'ver,  t.lic 
clinical  and  laboratory 
assesuineiit  of  thyroid  function 
permits  the  definition  of  two 
groups  of  hypothyroidism  at 
least,  diotl-'  Ishing  clinically 


PiasenU'il  at  a  .Symiroxium  on  'The  Cliuicat  basis  for  Aeromedical  Decision  Making',  April  1994. 
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Tab.  1- Subcllnical  hypothyroidism  acrcienlng  raview 


Re  t ercnce 

Year 

Subjects 

Cases  ot. 

Ilypothyroldi  sm 

pz  with 
umjuwpprtod 
Overt  Hyp • 

Pz  with 

Subr  1  i  11 1  ca  1 
Hypotliyroidi  fjm 

Tunbr idqe 

1  y  7  V 

2  7  7  9 

0 

28  (T3H>6> 

Kodk i n  Mon 

i  y  7  V 

J.  14 

17 

not  qiven 

Bawl  11 

i  7  y 

J  74 

32 

2  7  cnJH.-lO) 

Nya 1 rom 

1  9  (i  l 

0 

12  (TSH>£) 

Campbel 1 

i9Ul 

427 

9 

not  qiven 

Falivcniicq 

I'JQ  1 

1442 

6 

11  (Tm(>7) 

Hrochmann 

19  (JO 

200 

1  2 

2  4  (Tsn..b) 

Qkaiv.uz  a 

1  9  a  9 

2421 

4 

3  J  (TSn>4 ,  1 ) 

l’  r  0  a  e  n  t 
study 

199  3 

libO 

0 

12  (TUH>3) 

uppunuot.  Uiutjuut!  Iluui  edilLei 
yiaduu  uL  Lliv>.ulU  di  u  tuiicL  lull : 
uveiL"  hypo  L  liy  i  oi  di  mu  ciud 
"  bubcl  liilcal "  liy po thy  1  old! bill 
(kul  V)  .  In  the  toriiiei  ,  tiin 
patients  pieueut  and 

uyinptoiuB  that  indicate  an 
dbuoimul  iuncition  ui  one  or  move 
ay stems.  In  the  latter,  patients 
liavo  no  signs  or  symptoms  ot 
hypotliyroidi sm  but  present  an 
elevated  serum  TSH  concentration 
with  normal  or  slightly  low 
levels  ol  tliyroid  hormone 
CO  icent ra t ion  (Ret  8,y)  . 
SubcJinical  hypot  liyi  oi  dl  sm  is 
lound  in  about  7,S%  ot  women  and 
in  about  ot  men  (Ret  lu)  . 
Prevalence  rates  ot  overt 
hypothyroidism  vary  from  0 . 5  to 
2k  In  women  (Ref  1.1)  and  may  be 
as  high  as  4V  in  elderly  women 
(Ref  12) .  Diagnosis,  evaluation 
and  management  of  subcllnical 
hypothyroidism  is  very  important 
because  overt  hypotliyroldlsm 
develops  in  a  certain  number  of 
these  patients;  in  the  Tumbridge 
study  (Ret  13)  B  %  of  the 
patients  with  TSH  levels  over  C 
mU/L  develojied  overt 
hypotliyroidisin  within  b  years 
(Tab  1)  . 

Subcllnical  hypothyroidism  has 
significant  effects  on  some 
peripheral  target  organs  at  an 
early  stage  (Ref  10).  It  appears 
to  be  a  risk  factor  for 
atherosclerosis  and  for  coronary 
heart  disease  (Ref  14;  15),  and 

may  cauim  an  evident  impairment 
of  some  cognitive  functions 
correlated  to  memory,  as  well  as 
hehavl<5ural  alterations  [Ref 
16) -  Neuropsychological  and 


behaviuutal  feuturts  aie  an 
ImpoitaiiL  pKjblem  for  tliu 
efficiency  oi  certain  categuticu 
oi  people . 

In  order  to  be  uoeiul  in  making 
aeromudlcal  declelonn  f<ir 
selections  and  suitability  Ic 
Lly,  the  aim  of  this  study  was 
to  evaluate  the  utility  of  wider 
application  ot  TSH  uBuuy  as  a 
ptrmary  screening  teat  to 
dutoct  uubclinical 
liypochyroidlum . 

It  is  important  to  ident.ily 
potential  patients  who  show 
possible  morbidity  and  who  could 
develop  overt  hypotliyroi d i sm 
over  time. 

2  suajKCTs  and  MUTHODS 

.sukiactu 

Prom  May  to  July  1992,  1150 

subjects  of  flying  personnel 
were  screened  for  thyroid 
function  at  the  Forensic  Medical 
Institute  of  the  Italian  Air 
Force,  during  ordinary  checkups. 
.35  patients  (3.14),  among  whom 
2  3  women  and  12  m.en,  with  low 
blood  total  T4  (TT4,  RIA)  levels 
(65-115  nmol/inl)  and  medium-low 
levels  (7.9-16.5  praol/ml)  of  FT4 
(RIA),  wore  examined  by  TSH 
(IRMA).  The  subjects  ranged  in 
age  from  25  to  70  years  with  a 
mean  age  of  3  5,6  years.  Tlioee 
with  non  thyroidal  illness  or  on 
medication  affecting  TT4  and 
those  with  thyroid  disease  were 
excluded  from  the  study. 

The  following  thyroid  function 
tests  were  done:  total  T4  by 
RIA,  free  T4  estimates  by  RIA 
(FT4),  sensitive  thyrotropin 
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(TSH)  IHMA  and  otimulntic;  tuDta 
with  Tliyrotropin  relcaainc; 
hormonu  (TRH  teat) .  All  asuaya 
were  carried  out  exactly  aa 
•indicated  in  the  nianuC  acturee 
i nsti'uct Iona  .  All  testa  were 
done  ill  duplicate  and  rechecked 
if  the  duplicates  varied  by  more 
than  10% . 

The  patients  population  was 
correlated  with  a  euthyroid 
group  of  50  normal  controls  with 
ho  thyroid  history  (  mean  age 
19.2  years) .  All  patients  and 
controls  were  in  good  general 
health. 

iloitnoae  .-assay 

livaluation  ot  plasma  TSH  levels, 
(normal  values  less  tlian  3  mU/LI 
was  performed  by  an 
ultrasensitive  immu no radiometric 
assay  ( Technogene t 1 cs ,  Milan, 
Italy)  witJi  a  detection  limit  of 
0,2  inU/1.  T,5H  response  was  also 
evaluated  by  TRH  stimulus.  The 
TRH  Lest  was  performed  in  all 
patients  and  control  subjects. 

We  used  a  single  T«ll  dose  of  2ou 
(jg,  given  by  Intrav  :nouu 
injection,  Serum  wo.j  collected 
before  15  rain,  and  then  at  O', 
30',  90',  1 0 0  '  interval  s  .  .Serum 

total  T4  was  measured  by  Rla 
metliod  (Ares  Serono  Kits,  .Milan, 
Italy) .  Serum  Croc  T4  was 
measured  using  the  liuuphase 
kits  (Sclavo,  Milun  Italy) . 
Hetereiloe  range  were 
0.2  3.0  mU/L  for  TSH;  TT‘l  - 

C4  -  I'iV  nraol/ml;  and  I'Tl  .7  7  2  () 
pmol /ml . 

SLdtistical  .aunlyu.ijl 

Values  are  presented  as  iuean  +  /- 
aiid  Standatd  Deviation  (SU)  . 
Statistical  aualysis  was 
putformod  by  evaluating 
correlation,  using  Pearson's 
linear  regieusroii  model  (SPSS 


tor  MS  Windows  Release  5.0, 

1992).  A  r  value  of  <0.05. was 
considered  significant. 

3  .  .  BJiSUkTS. 

In  35  subjects  the  TT4  and  t'T4 
range  serum  concentration  was  at 
medium  low  levels  compared  to 
normal  value  (Tub. 2) . 
UeterrainationB  of  TSH  (IRMA) 
were  obtained  on  all  subjects. 
[iCvelc  of  TSH  higher  than  normal 
(>3  mU/1)  were  found  in  12 
subjects  (1.1%  of  the  wliole 
studied  population) ,  9  were 

women  and  3  men  (1''/m=3/1)  ;  six 
subjects  had  TT4  values  <(i5 
umol/ml  and  RT4  <9.5  pg/ml .  In  4 
subjci'ts  TT4  values  were  between 
6'j  and  flO  ng/ml  and  FT4  between 
y.5  and  11  pmol /ml;  in  other  two 
TT4  <  00  iini'il/iiil  and  l'T4  ■>  iJ 
mol/ml  The  Inverse  correlation 
etweeii  the  sensitive 
thyrotropin  and  TT4  (le-.BO, 
1'<0.Q1  in  the  investigated 
patients  and  r--.27,  PrO.Ui  in 
the  control  .subjecLs)  was 
oont  1  rmed  .  TSH  B)iowed  a  gradual 
Increasa  with  progressive 
Lliyrold  failure.  The  TSH 
response  to  TRH  was  oxaqgorat.ed 
in  all  Lheuc  patients.  Six  oi 
these  twelve  subjects  were 
started  on  thyroxine  therapy 
vtitU  L- Thyroxine  (liutlrox'®, 
Uracco,  Italy))  50sg/i3ie;  ull 
liad  a  decrease  of  TSH  and  an 
Inciease  of  TT4  ;and  KT4  levels. 
Thyrotropin  values  resulted 
being  2i/-Q.H  mU/1  and  thyroid 
hormones,  TT4  and  KT4 ,  were  in 
the  normal  range.  Two  out  of  six 
untreated  subjects  had  a  tall  in 
tlie  thyroid  hormone  scrum 
concent  rat  ion  and/or  a  lisc  in 
the  TSH.  Ill  five  of  tlieue 
untreated  subjects  the  TRH  Lest 
conlitmed  an  exaggerated 
response,  typical  ot 
liypothyroidium. 


Tab.  2-Horuione  maaauraiiiant 
aub jttcta 

<akaan+/ ‘  SD)  In  3b  atudlad 

Tj 

COKTHOLS 

TSK>3 

n»  r*  T»  —  "> 

H"  of 
patients 

bO 

1  2 

2  3 

Age 

3 '1,4  (4/12,9) 

45,2  (i/13,J) 

30,6 

(  4/-  6, 5) 

TT4 

(nmol/ml ) 

131,4  (4/  10,7) 

72,2  (4/  14,1) 

i  0  b  ,  9 

(  1  /  4,5) 

FT4 

(pifiol/ml) 

19,1  (4/21 

9,8  (  4  /  -  1  ,  7  ) 

14 , 2 

(4/1,5) 

TSH  (mU/L) 

1,9  (4/-n,4) 

4,7  (4/0,8) 

2,0  ( 

4 / -  0,4) 

Peak  of 
TSH 

after  TRH 

14,5  (l/-2,5) 

45,7  (4/-3,9) 

>  V  ,  4 

(4/ -  3, 7) 

9  fi 

.  3-Popul4tlon  with  ripic  factors  cor 
Bubclinlcsl  bypc t hy roi di 8 a 

I  _  _ _ 

jwewhoinK  ( h i r t h  r  .  10  wkl 

with  family  fiintoiy  of  thyroid  diseace 

1 1  dv  r  1  y  pa  i  i  en  t  n  ( f>v<»  r  6  S  aq#»  ) 

N'j  w  rn*_i L  he  t  {j  M  w  k  p*3R  t  pa  t  t  -i m 

j  Pa  i  1  '•  n  i  «;  w  i  t  ft  a  u  t  o  i  nimu  n *  <i  '  r.*--a  i  •' 

I 

\Au.il>r  Pd  f  t  <  MAnr  iN’^  M^  _  _ _ 
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thyi'.iMl  disease  in  certain  high- 
risk  qioupn  only;  elderly 
patientc.  newbornj,  new  mothers, 
patients  with  aut  ciiiimunc  diceafio 
or  with  a  strong  family  history 
ot  thyjoid  diceaco  (Tab  3} 
la  this  study  lit  ot  the 
examined  flight  puroonnol  liad 
abnormal  thyroid  hormone  blood 
concent  1  at  ions  and  1 .  1%  showed  a 
b  iochemi  >;a  1  a  usees  me  nr  t  yp  i  cdl 
of  BubcMnical  hypot  y  r  o  i  d  i  sm  .  In 
upite  t>f  a  low  pre'^aleiice ,  the 
beiit.'fits  of  a  soxweiiinq  foi 
■■  .•linical  h  ypot  hy  1  u  i 'i  j  sm 
(iuiJug  1  ev.  L  i  oil  and 
»7i  ccesu  i  I  y  ,  at  1  andt'ju  ,  du  i  i  ng 
oidinuiy  «;hecKups  would  be  inuch 
highei  I  hail  the  costs  iiivuJv<:rd 
(Fe£  2  1  )  .  1 11  soiiie  paitic’ulai 
situations,  as  fliglit,  syiriptoius 
i  n  subc  1  i  II 1  v.'O  I  h  y  po  t  !i  y  i  oi  d  i  sin 
aie  evid'Mil  loo.  This  is 
piobably  due  to  minci  O2 
c'oncent  r  at  i  on  .  the  reduced 
di.livery  of  oxiqen  to  ti'  uietj 
using  it,  at  a  noiinai  rai  , 
should  lesult  in  some  dcgiee  ot 
ceiibraJ  hyponia  tWef  lO).  ihe 
lat  v-ncy  of  visual  evoked 
potentials  is  piolongeci  and 
e  J  act  1 1.  -  em.’v;  ph«:  I  09  t  apfiy  shows 
decicascl  amplitude  a  1  loss  ot 
the  alpha  rhythm  (Ret  22)  . 
Monzani  et  aJ  demon s L j a l ed  an 
early  onset  ot  neu^o 
pay cl  J logical  and  behaciouial 
'^int  iii'b®nc**s  in  nub  cl  in  real 
h ypot h vr o i d i sm  (Ret  23)  They 
used  .he  Wcchclei  Huinoi  y  .'^Icaie 
IWMS)  (Pet  24)  and  found  Mi.n 
patients  with  oubciinical 
)i V'oot  hy  1  Oi di  sm  had  1  owe  / 
etf-iceiicy  in  six  out  ot  se'-ea 
WMS  tests.  The  authors 
emphasized  the  p2..sence 
a  1 1  el  at.  ions  .  e  Bpec  i  a  1  1  y  .  in 
logic  memory  and  npatJoil  anu 
t  e  mp  oral  e  u  o  e  v  i  ^  .  j  \  i  I  v  . 

There  war  also  a  ; cation  ot 

behaviour  wiili  index  of 

neurosis,  evaluate*  -M.h  Crown  U 
Cl  1  sp  Uxpe  1  Irienl  a  ]  Index  (Ref 
2h) 

The  se  evideai.  V  .  >f  an  .L moa  1  i  men t 
of  nem^Jiy  am*  Ofthaviour 
n  r  \  <!nqf-  hen  X  hv’  ae  r omed  i  ca  1 
intPrt’Bl  in  subrlinMal 


hypoth/roidism  and  the 
evaluation  that  those  patients 
should  be  treated  with  adequate 
doses  of  L-T4,  like  in  overt 
hypothyroidism. 

Controversy  exists  over  whtjther 
or  not  subjects  with  subclLnical 
hypothyroidism  should  be  treated 
(Ref  20) .  The  long  term  benefito 
and  risks  of  treatment  with 
iovothyroxine  have  been  not 
extensively  studied.  Some 
authors  recommended  c^'eatment  of 
all  patients  because  overt 
hypothyroidism  develops  in  a 
reitain  numbej  of  these  pat,  leuts 
(Ref  2f>)  to  pievent  the 
emergence  of  clinica.l  diGedf;*"' 

(Ref  21.  2a,  29)  The  rink  tcM 

overt  hypothyroidism  is 
CO i‘ related,  in  Staub  et  al  . 
with  the  grade  of  thyroid  «jland 
disfunction  and  with  the 
presence  or  not  of  t  hu 
antibodies  and  of  the  thytoid 
function  reeeivo  (Ret  lo)  with 
a  TSH  serum  l^vel  of  6  mU/ I ,  the 
calculated  tAsk  is  about  2l%  and 
*5  9%  with  TSH  >  2  0  mtJ/l 
Otherwine  other  authcio  focus  <mi 
the  tioks  of  treat 
including  cs C copor os i c ,  cardiac 
diccasG  Oi  inc leasing  ot  livoi 
enayme  levels  (Ref  0 )  Peteieufi 
ot  al.  did  net  find  elevation  :n 
mo-bidity  (myocaidiai 
infarction,  diabttcu  meilituu, 
stroke)  ot  moica):t>'  in  patients 
floated  witfi  L  T-i  (Ret  Ji; 

Uoqner  et  al,  whi.e  agreeing 
upon  ihe  fact  that 
i  n  d  1  B  c  1  1  m  i  11  d  t  e  L  t  h  y  i  o  x  i  1 1  o 
iheiapy  may  b^*  a  6  i  a  '  »-vl  wit). 

advtrlS*  C’ffc;C.'Lt3.  iiU«.')t  aS  byllt' 

loss.  <jnd  should  be  avoided. 
Suggested  ihai  tlie  ^listifi'.at 
of  thyioid  lioimone  i  ep  1  a ceinr* n t 

ill  Bub^l*iiiliil 

h  y  po  L  h  y  I  i  da  Win  yiiould  be  taueU 
cjii  p a t  k-*  n  r  A  a  1  ad i.  v  e  i  t  »• 

C  o  II  b  H  qu  e  r.  ce  B  <j  f  mi  be  I  j  ii  i  i  d  i 
hy  po  L  hy  I  o  1  U  i  bill  IRei  12; 

If  a  p  a  t  1  i*  n  ^  w  i  i  fi  b  u  b  r;  1  i  n  i '  *  a  I 

V  u'y  1  oidi  UH'  i  *i  ilvi  t  *  c  u  t  vvl 

bhould  Lt.  followt.d  ..n  a  l.f*  1  J-ng 
r'.»  BIB  1  .1  i.;I  de  1  L  o  Ot  V  e  c  L 
c  i  I  n  -  c  a  i  f  e  t*  t  u  i  e  r  C'  f  thii- 
b  y  r  ci  r  o.ne  K  i  om  a  p  i  a  c  t  i  '•  a  i  p  j  ii  t 

ft  V  1  f»  w  .  it  15  u  1  f?  1  y  11*  i:  1  mp  I  • 

and  iosB  exj-jaf.  ive  to  tiea; 
uubc’  1  '  1  ca  )  f  ypof  hy  i  oi  d  i  sm 

B  u  b  )  c  c  t  6  w  1 1  Ji  0  Hia  11  tiTGec  i. 

14,  tliat  to  r^'tee’  i  he.t. 
pe  I  i  od  i  ('d  1  I  y  wa  .  i  i  ng  t  j 
tiyjJothyroirtiBir.  to  (Icvf^ltju  .Wnt 
/  i  ' 

CCHt  ICN 

H o u  1.  1  n *_•  B c  1  e e  n  1  q  by  r»e a  b  u  i  i  ri g 
basal  TSH  i'.'vols  is  indi  rated  in 
all  pa^iontb  at  riuli  i  oi 
d  '•  ve  1  op  i  nq  h  ypo  i  )i y  r  c.-  •  d  :  {jm 
(R.  f  -M ) 

I II  oi'i^i  t<^  aid  Gelf-Ct  ion  and 


Guitability  to  tly,  this 
screening  should  be  also 
recommended  in  aeromedical 
evaluation,  fox*  metabolic 
changes  in  peripheral  target 
organs,  and  especially,  for 
impairment  of  mental  functions 
and  behaviour  (Ret  23) . 

The  eencii i'  .  TSH  assay  is  the 
aiont  ideal  uo  this  regard,  since 
At  has  the  highest  BenGiti''ity 
and  specificity  in  the  diagnosis 
of  thyroid  disfunction  (Rel  14) . 


pw'PKPKNrKf; 
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Reference 

Year 

Subi cats 

Cases  of 

Hypo  t  by r  o i d i sm 

Pz  with  Pz  with 

unsuspected  Subclinical 
Overt  Hyp.  Hypothyroidism 

Tunbr idqe 

19  7  7 

2779 

0 

28  (TSH>5) 

Hodkinson 

19  7  7 

114 

17 

not  qiven 

Sawin 

1979 

374 

3  2 

27  (TSH>10) 

Nystrora 

19  81 

12  8  3 

0 

12  (TSH>6) 

Campbel 1 

1981 

427 

9 

not  qiven 

Kalkenbeq 

1983 

1442 

6 

11  (TSH>7) 

Brochmann 

1988 

200 

12 

24  (TSH>6) 

Okamura 

1989 

242  1 

4 

33  (TSH>4,1) 

I‘  L  e  s  e  n  t 
study 

1993 

1150 

0 

12  (T,SH>3) 

Tab.  2-Horniozie  laeasuremeut  (meau-t-/ -SD)  In  35  studied 
sub j  ecta 


CONTIROLS _ TSH>3 _ TSH<3 


Of 

patients 

50 

12 

23 

Age 

39,4 

(+/-12,9) 

45,2 

(+/-13,  1) 

30,6 

(  +  /  -  6  ,  5  ) 

TT4 

(nmol /ml ) 

131,4 

(  1  /  -  1  0  ,  7  ) 

72,2 

(  ^/-14,  1) 

105,9 

(+/-4, 5) 

PT4 

(pmol/ml } 

19  , 

1  <  +  /  2  ) 

9 , 0 

(+/-1, 7) 

14 , 2 

{  ¥/  -1,5) 

TSH 

(mU/L) 

1.  9 

(+/'0, 4) 

4 , 7 

(  +  /  -  0  ,  8  ) 

2  ,  0 

(+/-  0,4) 

Peak  of 
TSH 

after  TRB 

14,5 

(+/• 2, 5) 

45,7 

{+/-3,9) 

17,4 

(  +  /  -  3  ,  7  ; 

Tab.  2 -Hormone 
eub j  ects 

measuroment 

(mean+Z - SD) In 

35  Studied 

CONTROLS 

TSH>3 

TSH<3 

N”  of 
patients 

50 

12 

23 

Age 

39,4 

{+/-12, 9) 

45,2 

(+/-13, 1) 

30,6  (+/-6,5) 

TT4 

(nmol /ml ) 

131,4 

(  +  /  ■•  1  0  ,  7  ) 

72,2 

(+/ -14, 1) 

105, 9  (+/-4, 5) 

FT4 

(pmol/ml ) 

19  , 

1  (  +  /  -  2  ) 

9,  8 

{ ^/-l, 7) 

14,2  (+/-1,5) 

TSH 

(mU/L) 

1,  9 

H  /  ••  0  ,  4  ) 

4  ,  7 

(+/ -0 , 8) 

2,0  (+/ -  0,4) 

Peaic  of 
TSH 

after  TRH 


14,5  (h/-2,S) 


45,7  (+/-3,9)  17,4  {+/-3,7) 


Tab.  3 ~ Population  with  risk  factors  for 
subclinlcal  hypothyroidism 

Newborns  (birth  to  10  wk) 

Patients  with  strong  family  history  of  thyroid 
disease 

1 Iderly  patients  (over  65  age) 

New  mothers  (4-8  wk  postpartum) 

Patients  with  autoimmune  disease 

Adapted  from  MARTINEZ  M. _ 
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Fig.l-  Thyroid  hormone  production  and  serum  hormone 
concentration  in  normal  and  hypothyroid  subjects 


•IT4=100  ug/die 


■i'T3=3  0  ug/die _  'rr3  =  10  ug/die 
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RESUME 

Au  cuurs  dui  16  deriii6rc»  aiiiiics,  H6  cnrcgj.sUcnicnls 
UCCj  ca  vol  onl  die/.  dc&  mcnibres  du  pcisonticl 

aaviguni  ea  vuc  dc  d6ierniincr  Icur  aptitude 

repreadre  lea  voLs.  Lea  piiolca  dc  ciiasac  sonl  Ic  plus  semveat 
cii  cause  (39%)  devauu  Ics  pUolcs  d'htSlIcopliics  (27%),  Ics 
pUulcs  dc  UaiLcpott  (13%)  ct  Ics  61^vcs  pikitca  (9%).  Lcs 
iiidiuUuas  pnEf^rcaticUes  unt  Ics  anuiu&iics  LCG  ct  ca 
pufticulier  ics  txuables  dc  rcxciubililc,  li  Va^^l&Mit  plus 
rarciucat  d'anoiaaiics  cardiaques  u^i«)tiariciuics  ou  valvulaiius. 
Cct  examen  *  apporl6  dcs  d<^mcnts  favo'  '’Ics  i  ia  reprbe  d&s 
vuis  dans  70%,  dc,s  ^kmcais  ii^gatifs  dj,is  l!i%  ct  u'^Uiii  pas 
;>ullisaniiuciU  fond^  dajis  15%.  Cct  cxamcn  coastiluc  ua 
cuniplirucnt  utile  aux  cxpluratiuns  v.irdiaqucs 
cunvciiiiomicllcs  lurs  dc  u’rtaiacs  d<icLioa.s  do  icptisc  dCs 
vuls. 

\x  systime  c^diu  -vasculairc  iiccupc  unc  place 
privU^gide  dans  Ics  pi^occupatiuas  dcs  lu^dcciiis  chaigL^t  dc  la 
sun'ctllance  du  pcisonncl  navlj^ant.  Lcs  muycii:)  dc  la 
L'oidiolugic  cllidquc  s>jnl  iris  largcmcnt  utilises  ;  LCC 
ambuUtoire.  ECG  d'cUorl,  Imagcilc  idiocaidiugrap}ii(|Ui:  cl 
stlatigiaphique,  caUiitiiisnic  cl  uironaiogsaphic. 

Les  exigences  p(Ol.*Mk;nncllcs  particulliics  du  pdotc 
a^o^sitent  parfois  k  rccouic  i  dcs  icsis  plus  spicKiques. 
cnicgisticmcal  lots  d'uiic  moi.lic  iictlvc  ca  altltu<k  daas  mi 
udssoii  2  dipic.vy'uii,  misc  '.4ius  accilirnlida  gikc  k  la 
cciiUUugcuse. 

L’ECG  c;‘.  vol  rcprcsculc  un  moycn  pour  lest?!  k* 
compoitcmeai  cardiiquc  du  plloic  cn  situation  upiraiioiuicllc. 
Nous  alluna  vuus  pidsealci  aoUc  expiricacc  cn  cc  domaiae,  cn 
ddgageant  auuai  que  possible  la  p«it  qu'a  pu  picndie  cc  test 
lots  dc  dicisioas  d’apUtude  aux  fjiiitioits  dc  |>C!Soaacl 
uaviguit. 

1.  CONOmONS  DE  L'ETUDE 

LikUc  197,S  cl  1993.  dcs  ciuogislicmciils  cn  vui  onl 
did  cUectuda  che/.  ceruias  lucnibics  liu  iKiMUincI  navigaui 
souiuis  i  uitc  cxpcilisc  mddiCAic  ca  raison  d'anumaiics  vaiidcs 

L'enicgixUcruent  a  porti  sur  U  piriodc  dc  vol  inai*i 
auMi  sui  les  hcuies  pric^daiii  el  .suivani  U  mission.  Le  sysidnic 
d'ciiieglslicmcnl  el  dc  Icctuio  duil  k  syskmc  disUtbud  rti 
I  tanic  pa;  la  socidid  Ll^V  MdJlcol  avee  acqmsiiioa  dc  2  pis*cs 


LCO.  Cci  apparcilUgc  nc  pcinicttani  pus  d'carcgislrer  Ics 
uivc^ux  d'aLcikratioii. 

line  itude  cxpiriniciiUdc  prdalablc  du  systCnic  avuii 
did  cnUuprisc  die/  plusicuis  idwiatilloas  dc  pilules  niilltaircs  ; 
pilules  dc  chassc.  dc  UaiispoiU  dli^licopiircs,  ilives  pilules 
aiiii  d'ivalucr  la  faisablLti  dc  J'cxarucn.  Lcs  exigences 
techniques  cn  maUirc  de  systinic  cnibarqud  uni  iii  rcspccti^cs, 
ca  particular  pour  penocttie  unc  ivcntucllc  ijectiua  sans 
risque.  Le  matiricl  d’cnrcgistrcincnt  avail  piiaiablciucai  dd 
lusic  cn  cenuilugcuac,  lea  nucluationa  dc  la  ba.se  dc  temps 
dtaicat  Infdrleurcs  i  5%  nidmc  |>onr  dcs  niveaux  dc  I  IK  17,. 

2.  PRESENTATION  DE  LA  POPULAHON 

vSur  unc  pdiiudc  dc  16  aiis.  I  t)K2  iiiL’nibrcs  du 
pcrsoancl  tiavigaiii  irannals  uui  did  suuniis  ^  vxjiciilsc 
nidlicalc  dans  le  Scivicc  dc  Mddecine  Adioaautiquv  dc 
I'Hdpital  d'tnsUucUon  dcs  Ainidcs  IXimiaiquc  1  aiiey  dc 
Versailles  cn  vuc  dc  ddlcinibier  icur  aptitude  i  poursuisrc  Icui 
cariiirc.  SuUuitc  ncuf  d'culic  eux  (0  %}  out  subi  un  uu 
plusicuis  hCG  durani  icur  activity  adruiuutiquc,  soil  uii  luUj 
lie  K6  cnrcglstrcmciits.  ScuLs  b3  dc  ecs  cnicgisUcruciiLs,  qui 
prdsentaient  dcs  qualitds  suffuumtes  i  la  lecture,  uul  did 
itudida. 

La  spdciaJitd  la  pius  viuvciil  rcnumUdc  dlail  lcIIc  dcs 
pilules  dc  eha.vsc,  rcptdia^ount  39  %  de  I'cnscmbic  dc  la 
population  ct  4U  dcs  cmcglsUcniciiLs.  Venaient  cn.suite  lcs 
pUolea  d'hdllcopldic  27  %,  ks  pilules  dc  lrin'qK>it  13  'v  ct  lcs 
dkvfx  nP.i>u<.s  Q  %.  17«'ua  niloics  sculcmvnl  duicut  lies  pilules 
civils. 

La  plupait  dcs  sujets  cxaruincs  duicnl  Irds 
cxpdiiiiKnt6i  avee  unc  muyenne  d'Agv  dc  35  ans, 
unrcsponJaiil  i  unc  niuycniic  dc  2  7(X)  hcujcs  dc  vol. 

3.  RESULTATS 

Lea  ulrtciva(km>  qm  sunt  rappondcs  Uiticspoiidcnl  i 
un  luUl  dc  154  heuies  d'enicgiiLcmcni  rn  vo)  vnt  unc  ilurdo 
muycnitc  dc  missioii  dc  1  lU  nia. 

Lea  rcsulUts  mmiI  pidsciiid*  aptds  ciasaemcnl  <tcs 
principaka  indicitkMU  dc  rexanKii-  Le  mdme  pik'te  iviuvani 
{Mdacttlci  piu.*>kuis  anixnalks  justiiiant  la  pratique  dc  rexamca 
unnnK-  pv  exempk  :  utie  cxuasyMolic  venUlculaiic  asM.H;idc  4 
ilea  Uoubks  de  U  ic|N)lafisa(lua  ct  un  rualaisc  cn  cours  dc  vol. 


Iff  'I  « 


'//•»■  (  Uniiiil  Utixix  fnt  ArttKnriihtil  l>rii%ttni  Mitkmu'.  Apiil  /9V4. 
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11  y  n  cu  97  indications  cumul4cs  dc  I'cxamcii  p<;ur 
I'cnscniblc  dcs  83  cnrcgLslrcnicnU.  Ccs  indicalions  fuicnt : 

-  60  fois  dcs  aiionialics  £CG  rcnconu^ci  lots 
d'cxamcns  sysitimatiqucs 

-  24  fois  dcs  pathologies  ca:diaqucs,  r^^cllcs  cu 
suspcct<5cs 

-  7  fois  dcs  malais&s  cn  vol 

-  6  fois  dcs  probl&mcs  varids 

Coiunic  on  peut  Tubserver,  Ics  piobidnics  UCG  icprdsctiuutt 
pr^s  dc  2/3  dcs  indications,  dtaient  irds  prddoniiiuuiU 
(I’ablcau  1). 


Lcs  cxtrasystolcs  out  doiind  lieu  ^  28 

cnrcgisticmcnts  }>our  22  piiotes.  II  s'agissait  d'cxlrasyslolcs 
supravciiificulaircs  |x)ur  6  d'ciiitc  cux,  dont  1  avee  dcs  salves 
braves.  Sur  les  17  sujels  prdsciiLaiit  dcs  cxUasysluics 
veiitiiculaiics,  2  nioatraicnt  dcs  Episodes  dc  salves  brdves. 

Ccs  cxUasystolcs  s*associaieiit  i  unc  ajiunialic 
cardiaque  dans  4  cas. 

Durant  )cs  missions  cniegisudes,  U  frequence  dcs 
uuublcs  dll  lyUmic  a  dtd  rddutlc  dans  Id  cas  cl  augnicmdc  dans 
2  Las- 

Ell  ddtlnillvc  lous  Ics  piloics  dc  cctic  catdgoric  out  pu 
pouisuivic  unc  activity  adronautique  sous  condition  d'un  suivi 
tcgulicr  pui  un  cardiuloguc. 


did 


rijidicjtion  dc  I'cxmncn  ]>our  8  cnicgLsUemcnis  soil  7  piloics. 
Tour  Tun  d'utiUc  eux  il  s'agissait  dc  taehycaidic  par  ryliinic 
rdclproqiic,  dans  2  cas  dc  Uchycardic  aUialc  ct  dans  4  cas  de 
libiUlaliun  auriculairc  paioxysiiquc.  Ancunc  de  ccs  anomalies 
ii'diait  pidscnle  au  moniciU  dc  la  niisc  on  jilacc  dc 
I'emcgutlrcur.  Durant  Ics  vuls  on  a  pu  enregistrer  uii  dpisode 
d'cxtrasystoic  supiavcnuiculairc  et  un  episode  dc  fibrillation 
auiicujaire.  alurs  qu'aucuiic  anoiiialic  ii'duii  notde  Jans  Ics  5 
dciuieis  cas. 

Dll  dcs  piiotes  a  did  ddcla/d  Inaptc  au  vol,  el  pour  Ics 
auUcs  il  a  did  imposd  unc  subslanliclk  rdduclion  dc  Icur 
activitd,  souvciit  avee  uu  Uaitcnicilt. 


Lea  anoniaUts  de  couduction  out  did  Ic  motU  dc 
I'cxatncn  pour  16  ciucgistremciila  soil  13  piiotes.  11  s'agbxait 
dc  6  bkHS  Auiicuk)  vcnUiculabea  iiitcrniiitcuU,  I'uii  Kculcniciit 
du  ier  degrd  cl  let  5  aulres  a&aocida  i  dca  pdriodes  du  Lueciani 
Wciickcliat'ii  CftK  dplNHlcs  sc  soiU  reproduils  cn  vol  djuis  2 
Mns  qu'on  alt  iiold  de  bloc  dc  plus  haul  degrd. 

Sept  blocs  de  bianJic  dlaietit  eii  cause  dont  I'un 
lulcrrniUcnl  qui  .Vest  reproduil  au  couis  du  vui  Aucunc  juirc 
ononialic  LCG  n'a  par  allk’urs  Cld  cmcgicbdc. 

Deux  piiotes  prdsenlaicnl  dcs  dysfoitetioiis  siitusalc.** 
mai([iidcs.  asyniptonutiqucs.  salts  aucunc  majoiation  au  u)uis 
du  vol.  C'es  IS  personnels  out  etc  mainknus  cn  aclivild  niais 
parfoi-s  avee  dc  lories  rdJucboii.s 


Lcs  Mnilrnmca  de  prdcxcUatlQM  vemriciilalrg  ont 
did  Ic  motif  de  rcxamcii  pour  7  cnrcgisUcincnts,  soil  5 
pcrsoruicU  navigaitis.  Dajis  tous  lcs  cas  il  s'aglssait  d'am  maJics 
asyioptomatiqucs  ;  t)  ii'y  avail  dans  aucun  cas  dcs  arguments 
pour  unc  pdilodcfdfiactaiiccouitc.  Duns  un  cas, 

rdalisd  chc^  un  mdcaiiickii  navigani  d'hcifcoptdrc,  avee 
prdcxcltatluii  intciTiiUiciitc.  rcnicgistrcmcnt  cn  vol  a  niontrd  la 
rdapparition  dc  I'anomalic  a  Toccasion  d'unc  lachycardic 
sinusalc  k  lSU/nm»  alors  que  pciidanl  rdforl  eel  as}icc(  avail 
disparu  dds  Ic  paJicr  130/nm  cl  cc  jusqu'ii  la  (in  dc  reffort  pour 
unc  frdqucncc  dc  17U/nui. 

Coruptc  tciiu  dcs  conditions  d'cmploi  cl  dcs  doiuidcs 
du  suivi,  Taptitude  avee  icstrlction  a  did  maliitcnuc  dans  ec  cas, 
aiiisi  que  pour  Ics  4  autics  pcrsomicls.  Unc  survcillanec 
cardiologiqtic  prdcLsc  a  did  unc  dcs  ceutdilions  dc  ec  ntainlicn. 

auiiiimdc  lots  dc  I'diucuvc  d'effuri  a  die  ictcnuc  conunc 
indication.  Durant  Ic  vol.  aucunc  modification  signiliutivc  dc 
I'HCG  n'a  did  nuldc. 


Dcs  paUiulogies  caidiaqucs,  tuujuuis  d'inqxntaiia* 
itiodcrcc,  out  did  ic  motif  dc  rcxamcii  dans  24  cas.  li  s'agi^.sail 

dont  3  cas  dc  suivi  post  infarctus  qui  uiil  jiislifiw  H  cnicgislic- 
menu.  L'abscncc  dc  modifications  dlcetrocardiographkjUCK 
(troubles  dc  U  rcpoltfi-sation  ou  do  rcxciUbilitO  a  eld  vdiifidc 
pendant  lcs  diffdrciitcs  irdriodc.s  dc  vol  el  lev  iieiircs  qui  out 
prdcddd  ct  suivi  lea  misMuiis.  Ore/  icr»  Z  auUcs  piloics.  il  H'esl 
agi  d'un  contrOic  k  distance  d'un  pontage  coronuricii  et  d  une 
angioplaslie. 

Us  rdsulutii  de  I'cnscnibic  dcs  uxanicns  out  pcimis  Ic  inaiiilicn 
dc  Taplitudc  avee  den  icsUklioii.s  iin|Mntaiik\s. 

YaJviflfqil^  Ont  did  ClI  CaUM  cbC/,  6 
pikites  pour  H  cnivgistrcmcnts.  11  a'agissail  dc  .3  eas  d'insulfi- 
sauce  aortique  inuddide  sans  ret«:)ills.scmcii(  vcnuiculaire 
gauche,  d'unc  insuffKance  mibale  moddrcc,  d'un  prolapsus 
vatvulaifc  mitral  ct  d'unc  balloiiisation  mlUale.  Dans  un  cas,  il 
Vy  associait  une  cxirasyslullc 
ventriculaiic. 

Sur  luus  lcs  cmcgisUcniciiis  cn  vol,  auiuji  trouble 
sigiiificatif  de  rcxeiuliUiid  n'a  did  eiitcgUird. 

Irorr^  pikrtw  out  did  eiucgisUd*  potu  tiVirxi  ieuaifiii 
artgridlfl.  afiii  de  vdrilicr  la  Urtdiajice  cu  vol  dc  icur 
irailement.  Che/.  2  dc  cca  piloics.  il  cxisuii  par  aillcurs  dcs 
troubles  dc  rcxeiutulilc.  Dans  U>u.v  lcs  cas,  dent  2  piiotes  dc 
chasse.  lc.s  eiuvgistrcmciiLs  out  did  luul  k  iail  .s;iiisfaisants. 

L'jifin,  uu  pikrlc  dc  ciiassc  dtait  poitcur  d'^uf  liypcriniMhle 
vcptslc  nKxldroc  ul>sUuclion.  associdc  4  unc  cxlrasyslolie 
liupravenukuiaiic  Isolde,  qui  a  itei-vlstd  au  vours  du  vo). 
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L£S  MALAISES  £Nm 

DC'S  indications  ont  poshes  dans  Ic  cadre  dc 
I'enqu^le  pour  mcltthta  €n  vnl  chc/  7  pUoics.  2  pilules  dc 
cliasse  confirmds  ct  5  dl^vcs. 

Dans  5  ca»  dull  survenue  unc  perte  dc  connaissance 
sous  acc^l^iatlun.  Chez  3  pilules*  la  survenue,  lots  du  lest, 
d'uac  Uchycardic  siuusalc  anoimalc  cu  vol  s'c&l  acconipagndc 
d'une  d<5cisio}i  d'lnapiitudc  ddfiiiitivc  aux  empiuis  du  pcisoiuicl 
aaviganl. 

DIVHRS 

linfui,  on  pout  signaler  S  ciuegistrciuciiis  cffcclu^s 
pour  Upothvnilc  Murvenue  au  lioi  donl  2  cas  un  associatiuii 
avee  unc  fibrtiiation  aurlculaiie.  1  pilotc  d'hdlicoplirc  a 
£16  enregisU^  aJurs  qu'il  dull  puitcur  d'une  sHctoHi^iic. 

4.  UUfTATlONS  TECHNIQUES 

Lcs  difficuU^i  icchiiiquca  lidcs  i  cu  iy|)c  d'cxanicn  uc 
duivciU  cc|)ciulanl  pas  etre  nUlcoiinuvs.  EUus  licniiunl  tout 
d'abord  i  U  sdcuiluf  a^rienne  car  U  s'agll  U'ciucgLsUci  un  pdoic 
qui  nu  pr^^cuie  pas  touics  ies  garanUcs  d'liU^gilt4 
physiulogique  au  monicnl  du  vol.  11  csl  done  srtiihaiuble  que 
Ic  vol-icsl  soil  cffeciue  sur  uit  aijrouci  avee  double  conmiandc 
qui  suit  aussi  prochu  quo  iK>sslblo  dc  cclui  uUlisui 
habilucllcnicnt  pai  rintcic.viii.  Cette  ii^cc&sil^.  peut  cUc  souru* 
de  dilficuitds  dans  Ic  cas  dcs  pilules  dc  diassc.  Le  dcroulctucni 
mcnic  dc  la  mission-tAsi  peut  <^vi<U:mnicnl  poser  ^galciucni 
dcs  ptoiildrocs  coiDplc  tciiu  dcs  iinpcralif.s  opdraliuiutcLs. 
niit^orologiqaea.  etc. 

D'aiitre  paiU  U  couvient  de  lairc  cn  sorlc  que  lea 
contiaiiiics  subics  au  cours  dc  ccltc  lulssiou,  solcnt  aussi 
proches  que  {KMsiblr  dc  ccllcs  rencontres  par  riiii^icasd  dans 
son  cxeiclcc  habilucl-  On  peut  i^vidcnimenl  {KiibCr  que  Ic  sujcl 
tesl6  bdn^ficicra  d'une  cciuinc  "prolcction"  dc  U  part  du  co- 
pilotc.  II  cst  bicn  rare  que  Ic  niveau  d'accel^raliou  maxinia 
declaim  iioil  Equivalent  i  cclui  que  I'un  ^>cul  obtenir  (acilcmcnl 
au  couis  dcs  tests  cii  ccnlrilugcusv. 

La  qualilE  du  tiacE  doit  Eire  suliisanuucnl  Ixnute  ^miui 
que  I'uii  puiasc  clicctucr  unc  analyse  coricctc  dc  U  phau;  dc 
vul  qui  csl  cellc  oii  Ic  risque  dc  parasiUge  cst  nuxiniuiu. 

Nuttu  ii'avoita  ou  I'Cj^lCi  qUv  3  viMCguarcmcMts  uur 
86  el  il  nous  parail  dEmunUE  que  U  iuIm  cn  place  dc  I'appareil 
par  unr  Equi}>e  rcUUvcrucnl  rinlEc  i  la  technique, 
s'accontpagne  dc  UEs  bons  rEsulUts  s^juveiil  sui^Erisuis  i  ceux 
obscisEs  cn  ccnUilugeuw:.  Lcs  sculca  ddconvcnuea  ont  ElE 
obfccivEea  lursque,  |H)ur  dea  raisons  pritiquvs,  la  pone  dc 
I'ciucgUucur  avail  Eli  faitc  cn  dehors  du  Service. 

Unc  bonne  Lntcrf>rEuiion  .'~n  lEsulUU  ubscivEa  ue 
peut,  a  noire  avis,  sc  lairc  sans  coniuitrc  le  icienil.sscmeni  &ur 
rUCCj  des  dlKcimU  types  dc  .Mress  aEconautiquc.  Cette 
coimais&anco  sup}H>sc  unc  cxpEtkitcc  siiClcoiiic  aequisc  giaix 
i  reiueglslicnicHl  ilc  pet'ionncN  iiavigtnLs  tEpittE.SMln.s. 


5.  INTERET  DE  LA  METHODE 

Dans  cc  travail*  doi^t  nous  nc  comiaissons  pas 
d'EquivaJent  dans  U  liilErature,  nous  avons  voulu  dresser  un 
bilan  rEuo&])cctif  dc  noire  experience  ci,  cn  paxticulicr*  dvalucr 
la  contribution  de  I'cxanKit  4  la  prise  dc  dEcisioii  d'aptitude.  II 
csl  bicn  Evident  qu'il  s'agit  U  d'un  argument  ct  sculcmcnt  d'ua 
arguiucnl  au  mllictt  de  bleu  d'auties. 

Dans  70  %  dcs  cas,  on  a  clfcctivcrviciit  lltE  dc  cct 
cxaiucn  dcs  ElEmcnls  favor^lcs  4  la  rcpri.se  dune  aclivilE 
aEronautique,  suit  iiormalc.*  soil  avee  limiutiuns.  Dans  15 
%.  au  uuittrairc,  II  s'aglssait  d'une  Information  cu  favour  d'une 
dEclsioit  d'inaptilude.  Pour  15  %  dcs  tests,  rindicatiun  dc 
i'exariicii  ii'cst  pius  appurue  surfl.saiiiiiiciil  fondEc. 

On  (Kut  tcmaiqucr  que  p<»ur  ectiains  pilules  dc 
cliassc,  eel  exameu  a  ElE  cffcctuE  pour  icmplacrr  un  test  cu 
cenirifugcuse.  Dans  d'autics  ca.s  les  deux  uxsis  uiii  EtE 
cflectud^  succcssivcniciit*  habilucllcnicnt  Ic  test  cn  vo)  aprEs 
celui  cn  ccutrifugcusc. 

A  iiutic  avis.  Ic  holler  cn  vol  cst  pailiculiOrcmcul  bicn 
indiquE  dans  Ic  cas  du  pDoic  dc  chossc,  cor  la  dlvcrsilE  dcs 
coiitrahilcs  cst  rmeux  rcpriHtultc  quo  duns  \)ii  test  cn 
ccntrifugcusc. 

b\s  tiifoimalions  Ies  plus  coniriimtives  uniccuicut 
prcfErcntkllenu.'nl  .3  ty)K^s  d'ammialics  D<X1 : 

-  rcxUas^Nloiic  vcnlrkulairc  ou  rhCU  cn  vol  a  EtE 
rEalLse  chez  30  %  dcs  pilolcs  cxumiiitS  ;M)ur  cc  iy}>c 
d'aiiunialic. 

-  la  tibrilJaUoii  auriculaiic  pari>xysiiquc  ou  ruc'G  cu 
vu)  a  EtE  iEdlisE  dans  2H  %  dc.s  ca.v 

~  lev  syndromes  dc  piEcxchullon  ofi  il  ;i  Etc  rCalisE 
dans  62  %  dcs  cas  (T  ableau  ?) 

Nous  Urons  parlois  souvcni  dcs  arguments  dc  cct 
cxaiucn  pour  picndic  unc  E^Ecislun  dc  reprise  li'aotivitE,  aprvS 
dcs  incidents  suivcnus  au  couis  d'un  vol.  L’cxariicn  n'a 
ccpendaiil  EiE  clfutuE  que  dws  6  %  dcs  1 17  cas  soumls  4 
cxpeitlsc  dans  le  Service. 

Cct  examcH  i..;  sauiait  cn  aucun  cas  sc  subslituci  aux 
cxaincus  iiivasils  dc  la  cardioh^ie  modcrnc.  Il  nc  Uouve  sa 
place  qu'l  U  suite  dc  bon  nombtc  d'expk>ralioiui 
utdtologlquco  uadMioiinellcs.  II  n'esi  pa.s  iudiquE  si  unc 
dEcisiou  d'uiaptiludc  duit  Ebc  prise  4  I'issuc  de  ecu 
expiorstions.  Ce  leal  vlcnl  le  plus  liouvcni  comroc 
argument  (H)ur  confoitrr  unc  dEcisiun  de  mainticn  d'xptitude 
cn  prEcisani  au  mlcux  rartapUlmu  du  systEme  netveux 
vcgi^alif  du  piloir  4  son  milieu  ct  4  m  h)iu.ii(>n 
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EKG  IN  FLIGHT 

USEFULNESS  AND  LIMITS  FOR  AIRCREW  REHABILITATION 

A.  SEIGNEURIC,  J.P.  BURLATON,  F.  DIDELOT 
R.  CARLIOZ,  P.E.  BERTRAN 
Service  de  Mddecine  Adronautique 
Hdpital  d'Instruction  des  Armdes  Dominique  Larrey 
78000  Versailles,  Franco 


SUMMARY 

During  the  last  1 6  years,  we  have 
performed  86  in-flight  EKG's  on  trench 
aircrew  members  in  order  to  have  additional 
arguments  for  fitness  decisions.  Fighter 
pilots  were  the  most  important  group  (39%) 
followed  by  helicopter  pilots  127%), 
transport  pilots  (13%)  and  student  pilots 
(9%)  The  most  important  reasons  were  EKG 
dist'jrba  ices  and  in  particular  excitability 
disorders.  Cardiac  troubles  like  coronary  or 
valvular  disease  were  rarer.  This  examination 
provided  positive  indication  of  flying  fitness 
in  70%  of  cases,  negative  indications  in 
1  5%  and  no  indication  in  1  5%  of  cases.  It  is 
a  useful  complement  to  conventional  cardiac 
investigations  before  medical  decision  in 
certain  cases  (6.3%). 


The  cardiovascular  system  is  one  of 
the  major  preoccupations  of  the  physicians 
responsible  for  aircrew  medical 
examinations.  Clinical  cardiology  methods 
and  equipments  are  widely  i  ised:  ambulatory 
EKG.  exercise  EKG,  echocardiog.apftic  and 
scintigraphic  imaging,  catheterism  and 
coronarography. 

The  special  occupational 
environments  of  -aircrew  sometimes  require 
the  use  of  more  specific  tests,  such  as 
recording  simulated  ascent  in  a 
decompression  chamber  or  exposure  to 
acceleration  in  a  centrifuge. 

In-flight  EKG  provides  information  on 
the  pilot's  cardiac  response  in  operational 
situations.  We  should  like  to  describe  our 
experience  on  thi.s  subject. 


1.  INVESTIGATION  CONDITIONS 

Between  1978  and  1993,  a  ..umber 
of  recordings  were  made  in-flight  on  aircrew 
submitted  to  medical  examinations  because 
of  various  medical  problems. 

The  recordings  were  obtained  in 
flight,  but  began  a  few  hours  before  flight 
and  extended  several  hours  after.  We  used 
one  of  the  commercial  recording  and  reading 
systems  available  in  France,  based  on  the 
Holter  technique. 

The  system  had  first  been  tested  on 
several  types  of  military  aircrew;  fighter, 
transport  and  helicopter  pilots,  n  order  to 
test  the  feasibility  of  the  examination. 
Technical  requirements  for  on-board  systems 
were  complied  with,  especially  regarding  the 
need  to  allow  the  pilot  to  eject  safely  from 
his  aircraft  The  recording  equipment  had 
first  been  tested  in  a  certrifuge. 

2.  TEST  POPULATION 

Over  a  period  of  sixteen  years.  1082 
french  aircrew  have  been  submitted  to 
medical  examination  in  tlie  department  ot 
Aviation  Medic'ne  at  the  military  Hospital 
Dominique  Larrey  in  Versailles,  i.'  order  to 
evaluate  their  fitness  for  further  flying 
status.  Sixty  eight  of  them  (6,3%) 
underwent  one  or  several  EKG  examinations 
during  their  flying  activity,  making  a  total  of 
86  recordings.  Only  83  recordiriqc  pissontiny 
sufficient  crite. ia  for  Interpretation  were 
studied.  The  most  prevalenr  specialty  wa.s 
that  of  fighter  p'lot  with  39%  of  the 
population  and  40Va  ot  all  recordings. 
HeFcoptor  ptiots  accounted  ‘c  r  27%  o(  the 
population,  tronspoit  piiots  lor  13%  and 
student  pilots  fcr  9%.  Twc  ot  tf.o  plots 
were  from  civil  cviation. 
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Most  examinees  were  very 
experienced  aircrew  v>fith  a  mean  age  of  35 
years  and  2700  flight  hours. 

3.  RESULTS 

The  reported  observations  were  made 
over  a  total  of  154-  hours  of  in-flight 
recording  corresponding  to  mean  mission 
durations  of  1 10  minutes. 

Results  are  presented  after 
classification  of  the  main  indications  of  the 
examination.  The  same  pilot  could  be 
examined  for  several  reasons,  for  example: 
premature  beats  and  repolarisation  disorders 
or  mild  in-fligrit  incapacitation. 

There  were  97  cumulated  indications 
of  this  test  for  all  83  recordings.  These 
indications  were: 

EKG  disorders:  60  times 
(82%l 

cardiac  disease  in  24  cases 
(25%) 

in-flight  malaise  m  7  cases 
(7%| 

various  problems  in  6  cases 
(6%) 

Electrocardiographic  problems  are 
clearly  prevalent,  they  account  for  62%  of 
the  97  indications.  (Table  I), 

EKG  DISORDERS 


Premature  beats  were  the  cause  of 
28  recordings  obtained  from  22  pilots.  They 
were  supraventricular  boats  in  6  cases,  one 
with  salvos.  Of  the  22  subjects  who 
exhibited  ventricular  prematuie  beats,  2 
showed  brief  salvos. 

In  4  cases  out  of  the  22,  they  were 
associated  with  an  underlying  pathology. 

During  the  flight  period,  the  frequency 
of  rhythm  disorders  was  reduced  in  10  of 
the  recordings,  but  increased  in  2. 

Finally  all  pilots  wore  declared  fit  on 
the  condition  that  they  would  report  regularly 
for  medical  examination  by  a  specialist. 


present  when  the  recorders  wore  placed  on 
the  aircrew.  Observation  during  the  flight 
showed  one  event  of  supraventricular 
premature  beats  and  one  episode  of  atrial 
fibrillation  although  no  anomaly  was 
recorded  in  the  last  5  cases. 

One  pilot  was  declared  unfit  and  the 
others  were  told  to  substantially  reduce  their 
activity,  often  with  treatment. 


Conduction  disorders  were  the  cause 
of  1 6  recordings  obtained  from  1  5  aircrew; 


-  Six  intermittent  atrioventricular 
blocks,  one  first  degree  block  and  5  otliers 
with  a.ssociated  Lucciani  Wenckebach 
episodes.  These  episodes  occurred  in-flight 
in  2  cases  with  no  observation  of  blocks  of 
a  higher  degree. 

-  Seven  branch  blocks  were  studied, 
one  intermittent  block  was  observed  again 
during  flight.  No  electrocardiographic 
anomaly  was  other  vjise  reported. 

-  Two  pilots  were  recorded  for 
asymptomatic  sinus  dysfunction  and  showed 
no  worsening  of  the  EKG  during  the  flight 
rccordittg. 

A'l  1 5  pilots  were  re  qualified  but 
sometimes  with  lostriction  in  their  flying 
activity. 


Ventficular  praexcitation  wa.s  the 
cause  of  7  leuurdinys  corresponding  to  5 
aircrew.  These  disorders  were  asymptomatic 
in  all  cases.  No  accessory  pathway  witlt 
short  refractory  period  was  observed  in  any 
of  tlie  cases.  For  one  helicopter  flight 
engineer  we  observed  that  intermittent 
preexcitatioii  disappeared  at  1  30  beats/mn 
and  did  not  recur  until  the  end  of  a  stress 
test  at  170  beats/mn;  but  in  flight,  the 
preexcitation  wave  reappeareo  during  an 
episode  of  150  baats/mn  sinus  tr.ciiycardia. 
Iri  view  of  the  specialty  of  this  engineer  and 
the  results  of  long  term  observation,  we 
decided  to  maintain  restricted  activity,  as  we 
did  for  the  others,  with  a  waiver. 

A  cardiological  survey  was  one  of  tire 
conditions  for  the  requalification. 


ghveardias  were 


the  cause  of  8  recordings  obtained  from  7 
pilots.  One  y  .s  a  case  of  reciprocal 
tachycardia,  there  were  2  cases  of  atrial 
tachycardia  and  4  cases  of  paroxysmal  atrial 


fibrillation.  All  these  disorders  were  not 


Only  one  na.se  of  repolarisation 
trouble  confirmed  during  in-flight  EKG  was 
found.  During  the  flight,  wo  did  not  observed 
any  EKG  anomaly. 
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CARDIAC  DISEASES 

Coronary  troubles  were  the  cause  of 
24  in-flight  EKG's  for  5  pilots.  For  3  pilots, 
this  was  a  post  infarct  survey  requiring  8 
recordings.  We  wanted  to  confirm  the 
absence  of  EKG  change  during  the  different 
flight  periods  ano  also  during  the  hours 
preceding  and  following  those  flights. 

For  the  2  other  pilots,  there  was 
remote  monitoring  of  a  coronary  by  pass  and 
an  angioplasty. 

Following  tfrese  tests,  fitness  to  fly 
was  maintained  but  with  important 
restrictions  in  activity. 

Valvular  diseases  were  the  cause  of 
8  recordings  for  6  pilots.  In  3  cases  there 
was  ininoi  aortic  insufficiency  without  left 
ventricular  enlargement,  1  case  of  minor 
mitial  insuffiency,  1  case  of  mitral  prolapse 
and  1  mitral  leaflet  billowing.  In  one  case  the 
pilof  also  had  ventricular  ectopic  boats.  No 
major  excitability  trouble  was  observed  on 
any  of  the  in-flight  recordings. 

Hvoertension  was  the  cause  of 
recordings  for  3  pilots,  to  test  in-flight 
tolerance  of  tho  drugs  needed  to  treat  this 
disease.  Itr  2  of  them,  there  were  also 
octopic  beats.  In  all  cases  including  2  tighter 
pilots,  recording  were  coiuplGtely 
satisfactory. 

A  minor  septal  tiypei  trophy  without 
left  ventricular  obstruction  was  found  in  1 
fighter  pilot.  It  was  associatod  with 
supraventricular  ectopic  activity,  which 
persisted  throughout  the  flight. 

IN-FLIGHT  MALAISES 

For  7  pilots  comprising  2  fighter  pilots 
and  5  student  pilots,  the  test  was  purfoiinod 
as  part  of  the  investigation  of  troubles  that 
appeared  during  flight  activity.  In  5  cases  it 
was  G  LOG.  In  3  cases  (during  tlic  test) 
abnormal  sinus  tachycardia  appeared  and  wo 
decided  to  ground  all  of  them. 

Finally,  b  recordings  were  iiiade. 
following  fainting  on  return  from  flying.  In  2 
cases  this  was  atrial  fibrillation. 

One  trelicoptor  pilot  was  recorded 
with  an  articular  disease. 


4.  TECHNICAL  PROBLEMS 

These  recordings  v./sre  hampered  by 
certain  technical  problems  wtiich  should  not 
be  overlooked. 

First,  the  problem  of  flight  safety  in 
the  case  of  a  pilot  tested  to  verify  that  he 
still  flies  with  the  same  professional  skills  as 
before.  In  this  case,  the  flight  test  should  be 
performed  in  an  aircraft  as  similar  as  possible 
to  the  one  usually  flown  by  t)ie  pilot:  the  test 
requires  a  copilot.  These  reptrirements  may 
create  a  problem  for  fighter  pilots. 

The  test  mission  itself  may 
sometimes  ertcounter  problems  associated 
with  operational  requirements,  weatlier 
conditions . 

One  sitould  also  ntake  sure  that  these 
characteristics  arc  as  close  as  possible  to  the 
usual  working  conditions  experienced  by  tlie 
pilots.  The  copilot  may  sometimes  tend  to 
“protect’'  the  pilot.  Scldoii,  does  the  reported 
acceleration  level  loally  correspond  to  tho 
maximum  tolerance  lovoi  such  as  can  ho 
obtained  in  a  cuntrifugo. 

Tho  quality  of  the  recording  should  bn 
good  enough  to  be  able  to  determine  which 
phase  of  the  flight  is  most  likely  to  show 
intorfcrenco. 

We  had  to  reject  only  3  tiicordings 
out  of  86  and  our  e.xperience  shows  that 
installation  of  tlie  recording  system  by  a 
team  relatively  familiar  with  the  techniquu 
produces  very  good  results.  Problems  woru 
only  boon  observed  v;licn  tho  recording 
system  lias  been  installed  by  peeple  from 
outside  our  department. 

Finally,  to  iiilerprot  results,  one  has  to 
know  the  usual  conditions  of  cardiac 
adaptation  to  the  various  types  of  aviation 
stress.  Such  knowledge  can  only  bo  derived 
from  observations  made  on  healthy  aircrew. 

5.  USEFULNESS  OF  THIS  TEST 

We  do  not  know  any  equivalent  of 
tliis  work,  whose  aim  is  to  show  the 
contribution  to  decision  making  in  the  ease 
of  aircrew  with  flying  fitness  problems.  It  is 
cleat  that  this  test  is  only  one  -.iryument 
among  many. 

This  retrospective  study  shows  that 
it  was  a  positive  argument  ior  rehabilitation 
in  70%  of  all  cases;  often  by  moans  of  a 
waiver.  In  15%  it  was  a  negative  indication 
leading  to  grounding. 
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For  tile  last  1  5%,  it  appears  that  it  was  not 
a  good  indication. 

For  several  reasons  (technical 
possibilities  for  example)  this  was  performed 
instead  a  centrifuge  test.  In  other  cases,  the 
two  tests  were  performed  one  after  the 
other;  usually  the  in-flight  test  after  the 
centrifuge  test. 

In  our  opinion,  in-flight  EKG  is  most 
efficient  for  fighter  pilots  because  the 
different  types  of  flight  constraints  ore  better 
reproduced  in  an  aircraft  than  by  a  centrifuge 
test. 

We  found  that  the  g.eatest 
contribution  of  this  special  EKG  mostly 
concerns  ventricular  premature  beats.  In 
these  cases,  in-flight  EKG  was  performed  on 
30%  of  pilots  exhibiting  excitability  trouble. 
Paroxystic  atrial  fibrillation  was  also  a  good 
indication  and  tiie  in-flight  tost  was 
performed  in  28%  of  all  cases.  For  pre¬ 
excitation  syndromes,  it  was  performed  in 
62%  of  8  cases,  (table  2) 

Sometimes  it  is  also  possible  to  make 
a  case  for  a  decision  after  an  in-flight  huinan 
incident.  However,  the  test  was  performed  in 
6%  only  of  the  1 1 7  cases  that  wore 
examinod  by  our  service. 

This  test  cannot  bo  considered  in  an*' 
way  of  a  replacement  for  tho  major  invasive 
tests  of  modern  cardiology  and  it  has  its 
place  only  after  the  other  examinations  of 
traditional  cardiology.  It  should  not  be 
considered  if  they  lead  to  a  grounding 
decision. 

It  is  a  func''onal  tost  for  confirmation 
of  a  flying  fitnoss  O  cision,  providing  detailed 
inforination  on  the  adaptation  of  the  pilot's 
autonomous  nervous  system  to  his 
environment  and  fiis  function. 


Table  1 


Flight  fitne ss  examinations  and  in-flight  EKG 


Table  2 
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EVALUATION  OF  THE  EKG's  ISOELECTRIC  T  WAVE  IN  ATN  FORCE  PILOTS 

Major  M.A.  Gomez -‘Marino 
Major  F.  RXofl*‘TQjdda 
Cap.  V.  VelamazSn  Perdomo 

Centro  do  Inatruccion  de  Medicine  Aeroespacial  (C.I.M.A.). 
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ABSTRACT; 

ni  out  of  5126  performed  EKG  from  aircrew 
mombers  (3.33%),  showed  soma  ST-T  vavo 
abnormalities . 

We  studied  23  out  of  171  with  isoelectric 
(low  amolitude  or  moderate  inversion,  but  less 
than  1  r.vn)  In  all  leads  but  not  In  V2-V3  where 
T  wave  were  normal,  six  of  those,  had  T  wave 
inversion  in  III  and  avF  leads.  All  of  23  are 
healthy  males,  betwen  30-55  years  old 
( 43 . 6i7 . 3 ) ,  without  associated  EKG  disaordors, 
ionics  alterationa,  and  iio  one  regulary 
practice  heavy  exercise. 

Each  one  had  between  3  and  21  (11.5t6.5) 
EKG  recorders  along  a  following  period  of  3  to 
20  years  (13.016.3).  All  of  they  has  been 
evaluated  through  treadmill  teat  (Bruce 
protocol ,  Bubmaxima 1>90%)/  Doppler- 
Echocardiography  and  24  hours  Holier 
mon  Storing . 

We  found  in  22  cases  (95.6%), 
echocardiographlc  criteria  of  left  ventricular 
hypertrophy  (IV  septum  more  titan  13  mm).  15 
out  of  15  were  simutric  and  6  were  asimetric. 
19  casus  (66.41)  had  a  mitral  filling  flow 
patttern  tlpical  o£  left.  ventricular 
compliance  disorder,  with  atrial  wave  (A) 
bigger  than  fast  filling  wave  (E).  Only  3 
casus  (13.6%)  had  normal  mitral  flow  doppler 
pattern.  Valvular  or  subvalvular  aortic 
gradient  waa  not  found  in  any  case. 

Bruce  test  were  negative  In  all  caaee,  but 
in  21  of  those  (91.3%),  during  exercise  or  the 
first  minute  of  recovery,  T  waves  became 
normals,  returning  to  be  isoelectrics  before 
10  minutes. 

We  conclude  that  asymptomatic  flyers 
without  coronary  risk  factors  with  isoelectric 
T  waves  in  all  EKG  leads  (but  normals  T  waves 
in  V2-V3},  with  or  without  T  inversion  in  III 
and  avF  lauds,  should  be  adequately  tested  In 
order  to  rule-out  mild  hypertrophic 
myocBrdiopathy,  by  Doppler  -Echocardiography . 
and  do  not  focus  our  attention  triyng  to  found 
coronay  artery  disease. 

INTRODUCTION; 

Electrocardiography  (EKG)  is  a  requirement 
for  routine  cardiovascular  evaluation.  T  waves 
changes,  are  the  siost  common  finding  in  EKG> 
EKG  performed  in  asymptomatic  healthy  people 
has  limitations  due  to  their  lack  of 
eapecificity .  In  Aircrews  members  these  EKG' 
abiiornailtleo  could  lead  to  discussiun  and  to 
a  wide  spectrum  of  aseesing  considerations. 
This  problem  is  specially  complex  when  the 
subject  is  a  pilot  and  even  more  it  he  tiles 
high  performance  aircrafts.  In  these  cases 
hypoxia,  high  Gz's  and  stress  could  be  an 
additional  factor  to  consider  in  non  detected 
cardiovascular  disorders. 

Many  cazdlovaacular  diseases  have  been 


described  as  leading  factors  to  produce 
isoelectric  T  'i»Jave8.  Very  often  they  are  a 
consequence  of  endocrino-metabolJ c  disoasee, 
ionic  disorders  or  pharmachological  si  facts. 
Sometimes,  as  a  single  manifestation  or, 
together  with  other  EKG  changes,  T-wave 
changes  might  be  meaningful  data  of  underlying 
heart  diseases.  Veery  often  isoelectric  T- 
Waves  appear  In  healthy  people  due  to  anxiety, 
digestion,  tobacco  or  by  no  apparent  reasons 
(i,2).  Obviously,  before  considering  those 
findings  aa  non-significant,  aviators  must 
undergo  a  detailed  cardiological  exam  in  order 
to  rulo“Out  any  cardiological  contributor  to 
decreasing  flight  safety. 

In  our  experience  it  is  often  to  find 
along  the  routine  EKG  exam,  a  isoelectrlcsl  T- 
Wave  in  every  lead  except  V2-V3,  and  we 
observed  tnat  these  EKG  patterns  are 
frequently  asBOclated  with  spaclfic  findings 
in  echocardiograms  (ECHO),  cardiac  doppler  and 
exercise  test  (ET). 

METHOD; 

For  selection  purposes,  we  have  reviewed 
the  EXG'b  of  5126  aircrew  members,  who  undergo 
their  periodical  medical  exam  along  1993.  We 
found  isoelectric  T-Waves  in  171  of  them.  In 
45  cases  (0.66%)  t-wave  was  isoelectric ■ in 
evo*‘y  lead  except  V1-V2  (Figure  l).In  addition 
12  of  those  had  a  negatives  T-waves  in  III  and 
aVP  leads  (fig  2). 

Exclusion  criteria  were  based  on  the 
diagnosis  of  hypertension/  daily  practice  of 
athletic  exercise,  metabolic  disorders,  drug 
abuse  or  inadequate  ultrasonic  windrw.  The 
study  finally  was  carried  out  In  23  subjects. 

Each  case  had  been  followod  up,  sinco  his 
initial  exam  by  reviewing  a  minimum  of  3  EKG 
and  a  maximum  of  21  In  a  period  of  time 
between  3  to  20  years  (13.016.3).  All 
examinees  were  malos  and  aged  between  30  and 
55  (43.617.3). 

Treadmill  exerciue  test,  LCHO-Doppler  and 
24  hours  Holter  monitoring  was  performed  in 
all  cases.  A  control  group  of  15  hoalthy 
subjects,  with  same  age  range  (41.517.3)  was 
sti  lied  with  the  similar  protocol. 

None  of  these  38  cuses  (both  groups 
included),  following  the  Sokolow-Lyon  criteria 
for  left  ventricular  hypertroCia,  had  low 
potentials  (3)  nor  QRS  oxis  below  0°  or  above 
90*.  In  those  subjects  with  Isoelectric  T- 
wave,  EKG  was  repited  without  previous  intake 
of  food,  coffee  drinlcs  or  smoking.  Other  EKG 
was  performed  after  30  sags  of 
hyperventilation . 

ECHO-Doppler  recordings  were  performed 
using  a  TOSHIBA  SSH-i60  A  device  with  3.75  and 
2.5  Mhz  phsBO  array  transducers.  Recorders 
supplies  enough  quality  to  corroctly  identify 
the  endocardial  limits.  Moassurements  wa:^  made 
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from  M-mod6  recorders  obtained  under 
bldimenslonal  control,  following  the 
requiruments  of  the  American  Society  of 
Echocardi ography  ( 4 ) . 

Left  ventricular  end-d.Ustoiic  (LVOV)  and 
end-Byatolic  (LVSV)  volumes,  and  ejection 
fraction  (CF)  was  automatically  obtained  from 
the  M-Mode  niaasureinente  by  using  the  Telcholz 
Formula  (S}<  We  eatudied  the  extent  and 
distribution  of  LV  hypertrophy  by  two- 
dlmenQional  procedure  in  t)ie  parasternal  log* 
a^is  and  short-axis,  and  in  the  apical  4  and  2 
chamber  views.  Pericarditis,  valvular  disease, 
and  regional  contractility  disorders  was 
ruled-out.  Assimetry,  was  considered  when  the 
ratio  between  each  of  two  left  ventricular 
wall  thickness  was  above  1.3. (6) 

LV  mass  was  calculated  following  the  Troy 
Formula;  LV  maso-  1 .05{ ( lVSWT*LViDd+PWTj* - 
LVIDd* >  grams,  (when  IVSWT;  interventricular 
septal  wall  thickness,  LVIDd;  LV  Internal  end- 
diastolic  diameter,  and  PWT:  LV  posterio  wall 
th^ckne88),  baaed  In  ASK  criteria . (7 )  , 
Correspondent  Indexes  related  to  body  surface 
area,  obtained  from  height  and  weight  (C), 
were  calculated  from  LV  volumes  and  mass. 

We  used  Color-Flow  Doppler  technique  to 
ruie-uut  valvular  regurgitation.  Pulsed 
Doppler  recordings  of  diastolic  transmitral 
flow  velocity  profiles  were  recorded  with  the 
sample  volume  located  at  the  tips  of  the 
mitral  luaflets  from  the  apical  4-chaniber8 
view. 

Flow  velocities  wore  not  corrected  for  angle 
deviation,  but  care  was  taken  to  align  the 
sample  volume  as  perpendicular  to  tho  mitral 
anuius  as  posible.  From  roitrei  flow  we 
calculed  the  early-diaotollc  penk  velocity  (E- 
wave),  the  late-diaetolic  peek  velocity  (A- 
wave),  and  the  ratio  between  them,  continous 
Doppler  was  used  for  aortic  peak  flow 
muassuremencs . 

Exercise  test  (ET)  was  performed  with  a 
QUINTON  5000  device  following  Bruce's 
protocol.  12  conventional  leads  were  recorded 
being  valuable  when  90*  of  the  maximal  heart 
rate  (220-age}  was  reached.  Arterial  pressure 
was  registered  with  COLIN  ST  BP-680  automatic 
equipment  at  the  begginning  of  the  test  and 
each  1.0  minutes.  EKG  records  was  obtained  at 
the  end  of  each  minute  of  exercise  and  in  the 
recovery  minutes  1,3,5, 7  and  10.  We  considered 
the  test  electrically  positive  when  u  ST  slope 
of  1  mm  or  more  at  80  Huecs  of  J  point 
occurred.  Wo  measured  T  wave  height  in  V5 
lead,  at  rest  and  at  the  end  of  uuch  oxerciee 
and  recovery  stepe . 

24  hours  Holier  monitoring  was  performed 
in  each  patient  using  CARDIOLINE  LP-300 
magnetic  memorie  recorders.  Anallsye  of  data 
were  performed  with  a  CARDIOLINE  AO  24-P1ub 


device. 

Data  were  expressed  as  mean  values  i  SD. 
In  control  group,  range  limits  wan  obbainod  as 
mean  value  *  1.96  SD.  DlfferencRs  between 
maons  were  aasesBed  by  ths  unpaired  Student* 
teat,  p  value  <0.05  was  considered  to  indicate 
statistical  significance. 

RESULTS? 

45  (0.864]  out  of  5126  reviewed  cases,  had 
EFvG's  according  to  the  dosertbed  pattern.  12 
out  of  then  had,  in  addition,  negatives  T- 
waves  in  ill  and  aVF  leads. 

We  did  not  find  sigiuf Jcatlvec  JiffeLwnces 
in  ages,  body  surface  areas,  QRs  axis,  nor  QRS 
voltage,  between  control  and  abnormal  T-wave 
group. (Table  1) 

Table  II  shows  tho  Eco-Doppler 
measBurements  of  thu  control  group,  and  the 
noriASl  limits  toi  each  the  parameters. 

Data  teiatol  to  each  one  of  23  studied 
subjects  with  isoelectric  T-wave  are  showed  in 
Table  iii. 

The  age  of  subjects  when  first  isoelectric 
T-wave  EKG  was  recorded  ranged  between  21  and 
43.  Only  five  cases  (signed  with  a  •  in  table 
MI)  this  EKQ  pattern  was  present  in  his  first 
EUG  we  perfor.med.  The  other  cases  have 
previous  normal  EKG  records.  Negative  T-wevo 
in  III  and  aVF  leads,  were  present  in  all 
record#  from  the  first  exam. 

We  observed  in  13  cssou,  Twave  diterences 
between  nneceeive  records,  appearing  some 
times  slightly  nogativea,  slightly  positives 
or  nonsals.  we  observ'^d  that  negative  T-wave 
appear  commonly  wlien  sportive  activity  had 
been  increased.  Con^  rsely,  after  reducing 
exercise  levol. ,  T  'JQB  come  back  to  bo 
positives,  (figure  3, 

in  our  normal  group,  the  higher  LV  mass 
range  limit  was  128.82  g/m’  and,  as  a 
consequence  of  that,  22  out  of  the  23  cases 
(95.6%)  would  have  LV  hypertrophy,  but  we  used 
the  limit  of  150  g/m*  admited  by  several 
autors  (7)  for  tho  Troy  method.  We  have 
considered  LV  increased  mass  in  15  out  of  tho 
23  cases  (68.2%) 

These  15  cases  had  LV5WT  of  13  or  more  nun. 
and  Mitral  Flow  Doppler  E/A  ratio  less  than 
1.1,  showing  dec  I'esed  LV  compliance. 

A  email  LV  chamber  (with  LVEDV  less  than 
44.46  ml)  was  found  in  one  of  this  13  cases 
and  in  other  5  cases.  In  all  these  cases  IVSWT 
measurement  had,  at  laaet,  13  mm,  and  LV 
compliance  was  decressod. 

According  with  this  data,  we  considered 
clearly  the  diagnosis  ot  hypertrophic 
cardioiniopathy  (HCM)  in  20  (871)  out  of  the  23 
cases  with  Isoelectric  T-wave.  All  of  them 
have  normal  systolic  function  (EF>51),  IVSWT 
of  13  mm  or  more,  with  LV  mass  ■>150  g/m*  or 
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with  smdll  LV  chamber  and  complianco  decressed 
(Table  HI),  only  3  cases  could  not  be 
included.  Two  of  these  cases  (nuinber  6  and 
11),  had  low  EF  and  do  not  fulfill  the  other 
criteria,  because  of  that  they  could  held 
other  pathological  (status.  In  the  cose  number 
8  £T  was  false  positive  {Taliuni-201 


TABr.f;  j!  ACE.  lODY  SURFACE  AREA  AMO  CRCi  ilEASUREKENTS  IK 
COKTKOL  CROUP  AKD  JK  SUBJECTS  WITH  ISOEUCTRIC  T  MAVE 


'OKTROL  ABNOhSXL  '-WavR  p 


AV**  (l-Al  J  I.JJ 

BSA  l.es  1  0.11 

QRS*  S4.60  1  it.'iV 

J*U‘in  it.ii  i  3. OF 

6V14RV5-S  n.a?  J  5.51 


43.6/  i  ?.a- 
i.ev  1  o.uB 

49.91  t  19.86 
73.04  t  5.20 
23.43  1  4.40 


•23} 


NS 

NS 

NS 

NS 

NE 


BSAi  BCKly  Sur(ac«  Ar«i  (■')•  QKS*:  QRS  tuR  anglt  in  frontAj 
plan*,  CHS  tot«l  voUajR  in  th»a«  lodi.  svi4MV5-si  vi 
t«td  5  wav*  volta]*  add  to  thw  b(gg*aL  R  wav*a  In  VS  Oj  V6  iMd. 
p:  tlatlatlt.-*}  prcbabUUy.  KS:  nan  algnl (icat lv«.  (0«(«  cr* 
glvtn  «•  Maan  Valuva  i  Standard  pRavlatlon). 


TAflLE  III  ECO  WPPLEfl  HEASUKENEdTS  IH  ThE  COKTHOi.  CROUP 


tOE 


Min.  bAk. 


Aorta 

U 

LV-SWT 

LVpWT 

LVfUd 

tr 

LVEt)V/B« 

LV  Maa/e' 

Paak  B 
Paak  A 
K/A  ratio 

Paak  Ao 


29.30  3.59 

31.13  3.16 

9.36  0.S7 

9.68  0.19 

19-58  3.43 

61.40  6-83 

62.20  8.04 

103.62  12.66 

8g.5S  16.11 

46.31  11.68 

1.14  0.32 

106  60  13.65 


22.28  36.31 

34.93  37.33 

1-65  11.06 

1.13  10.33 

42.15  96.30 

91.01  17.78 

46.1*  17.95 

70.41  118.82 

<7.90  113.30 

23.42  69.20 

i.n  2.37 

78.84  133.35 


LA:  Laft  atrlvM  <a«).  tVSWT:  Laft  vantilcjlar  aaptal  wall 
tlilcknaaa  (Mi).  LVPirri  Laft  vantricular  poatarlor  wall  thlLktivaa 
(ae).  LVlDd.  Laft  vantrlcular  Inttrnal  dlaatollr  dlsaatar.  EF: 
Ejaction  fraction  (I*  LVEDV/a* ;  uft  vantrlcular  and-dlaatoilc 
volUB#  inaaa,  ralatad  to  body  iurfaca  araa  lal/a'].  LV  Baaa/a': 
Lt  .  vantrlcular  eaaa  Indax  (g/a' ) .  paak  Ei  Park  aarly  dlaaiolic 
(llllnq  vBloclty  {c«/aag}.  Paak  At  Peak  lata  dlaatollc  tilling 
valocliy  (ca/iBg).  p/A  ratio:  Ratln  batwaan  tranaaltrtl  Clow 
dopplar  aa'ly  an  lat*  paaX  dlaatollc  wavaa.  Paak  Aoi  Paak 
tranaaortic  (low  valoctty  (CA/aag).  ai  aaan  valuta.  SDt  Standard 
daawiAtlon.  ala.  aaa. :  normAi  ranga  Hail  valuta  (xil.9690). 


TABLE  III:  DATA  IN  EACH  SUBJECT  WITH  ISOtLtCTRlC  T  WAVE 


ITW  tVMia 

no  «q«  ago  q/m* 


E/A  EXetl 
ratio  TEST  SWT 


LVEOV 
F  ai/e 


dlfltrlb  NEC  T 
LV  maaa  lU'-i 


1 

37 

33* 

136.8 

1.05 

-K 

13.1 

46.4 

SVMMETHIC 

* 

43 

23 

160.6 

0.78 

-R 

13.6 

70 

60.4 

SA 

3 

33 

27 

183.8 

1.87 

-K 

13.5 

70 

55.3 

SA-MV-AP 

4 

20 

141.0 

U.84 

•t 

14.0 

75 

44.0 

SYMMETRIC 

5 

4(] 

28 

192.8 

0.V2 

“K 

14.0 

66 

59.4 

SYMMETRIC 

6 

SO 

J(i 

206.3 

0.89 

-E 

15.0 

64 

65.1, 

SA-MV-AP-HV 

7 

32 

22 

162.6 

1.79 

-R 

13.9 

65 

63.2 

symmetric 

9 

48 

29 

186.5 

0.82 

- 

13.0 

64 

42.0 

SYMMETRIC 

10 

a7 

31* 

184.4 

1.00 

-E 

14.0 

61 

56.6 

SA 

17 

42 

22 

130.5 

I.OQ 

-E 

13.0 

65 

46.1 

MV'AP 

14 

46 

28 

310.1 

0.99 

-E 

20.0 

75 

74.6 

MV -A)*  -RV 

IS 

52 

33 

211.6 

0.66 

“E 

15.5 

69 

63.5 

SA  -  HV 

16 

5.4 

35 

131  .9 

0.76 

14.8 

70 

44.0 

5-NV 

1 7 

53 

33 

195.5 

l.CO 

-r 

14.8 

57 

57.2 

SYMMETRIC 

18 

4 1 

374 

155.6 

0.79 

-K 

15.0 

56 

56.8 

8A-MV-\P 

19 

3H 

21 

139.0 

0.78 

13.0 

76 

3'»  .c 

SYMMETRIC 

20 

40 

JT 

lB<i.S 

-J.62 

-E 

17.0 

64 

51.2 

SYMMETRIC 

2  1 

45 

3S« 

186.5 

0.79 

*K 

15.5 

78 

51. i 

SYMMETRIC 

22 

3?} 

36 

161.7 

0.9b 

“E 

13.7 

77 

54.5 

SYMMETRIC 

23 

5$ 

42 

150. a 

0.71 

* 

U.O 

70 

65.0 

SYMMETRIC 

e 

SO 

43 

136.0 

0.75 

* 

11.2 

46 

50.5 

SYMMETRIC 

1 1 

39 

35* 

99.5 

2.00 

- 

9.0 

46 

58.7 

SYMMETRIC 

13 

30 

24 

141.3 

0.7  8 

• 

11.7 

71 

56.1 

symmetric 

VPC 

SAM  ASC  HQS  241i 


0 

0 

2 

12 

0 


0 

0 

10 

0 

0 

0 


(see  Table  ii  for  other 
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scintlgreiphy  was  negative  in  theea  two  cases). 
Finally  ca;3c  nujnbc**  13  has  c  high  probabi.  ty 
oi  HCMi  It  have  SWT  of  13.5  mm,  decreased 
compliance,  and  high  LV  Rinss,  but  not  enough 
to  reach  the  estabilBhed  l.iiilt,  so  we  coud  not 
Include  it  as  HCK. 

1>V  hlpertrophy  was  symetric  in  11  out  of 
the  20  cases,  envolving  anlerior  portion  of  LV 
septum  in  6  casns.  We  did  not  find  any  apicoi 
HCM  type . 


bco-uoppler  muABBUrementB  of  HCM  and 
conti'oi  groupa,  and  comparative  Kt.TLlstical 
analysis  are  showed  in  table  2V.  Left  atrium 
was  eignlflcatly  larger  in  the  iiCM  group.  We 
found  it  slightly  diiatud  in  6  out  the  2U 
cases,  but  never  above  40  nun.  LV  outflow 
obstruction  could  not  be  found  in  any  case. 

All  subjects  were  abbln  to  conclude,  at 
least,  the  2nd  minute  in  the  4th  step  of  the 
Bruce  protocol.  ST  was  clinlcaiy  negative  in 


TABLL  JVI  ECO-DOhPUB  UfASURENENTS  IN  CONTROL  GROUP  AK^ 
- IN  SURJtCTS  MITR  HYPERVBOFHIC  CARUIOKYOKATMr 


Control  HCR  flukjecti  (n»20) 

i  j£D  I  tsn  p 


Ag« 

B5A  h’ 
Aort* 

UA 

LVSWT 

LVPHT 

LVltXl 

cr  » 
LVtDV/B* 

lv 

P*4k  Z 

r««i(  A 

t/A  r*tlo 

Ao 


41.47  7.13 

l.i)  O.ll 

3$. 30  3.81 

31.13  3.14 

9.34  D.I7 

e.4l  0.78 

49.91  3.43 

44.40  6.13 

£3.20  8.04 

103.43  13-8C 

60.53  16.71 

46.31  11-6I 

1.74  0.32 

106.40  13.63 


44.20  6.91  NS 

1.89  0.08  NS 

31.26  3.37  N9 

34.3]  3.46  <001 

14-93  1.6a  <0.001 

11. *7  1,14  <0.001 

46.96  3.69  NS 

69.69  7.(7  <0.03 

54.96  9.26  «0.Q3 

175.42  40.40  <0.001 

60.15  10.94  <0.001 

(7.95  1I.55  <0.001 

0.94  0.33  <C.OOI 

106.25  15.63  NS 


(S*9  r«bl*4  1  A'ld  11  tot  AbbtNVlNLlOns). 


USA:  Body  NurUc*  Ate*.  LVEOV:  L.#(t  v«ntrlcjl»r  *»nd  dl**lo) !c 
voluM.  ETi  t3ectlon  Traction.  LA:  L«(t  Atrlun.  LVi  Left 
ventricle.  L710di  Left  verlrlculer  InLe..-nel  dlaitollc  Diameter 
(Ml  91  ■lAdlBtlcal  algnlflcatlon  level.  Peek  Ai  Peek  letr 
dieetolic  filling  velocity  |ce/teg).  P**k  Aoi  Peek  aortic  flow 
velocity  (cB/ieg).  Pi4K  t'.  Peek  eeily  dieetolic  filling  velocity 
(ca/eeg) . 
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Figure  4i  EKG  change*  during  Bruce  test,  T- 
wave  become  potfltlve  during  exercise, 
returning  to  baaal  Bl*2e  at  recovery  time. 
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Figure  3i  PAtlent  n®  21,  45  yeare  old.  All  hi* 
previous  EKG  racoido  were  normal.  UKG  showed 
on  top  belongs  to  n  pilot  who  started  three 
iiiont.'iB  earlier  a  pliyujcai  training  program 
Includlfig  isurnetrlcB  exercises.  Th  ■  bottom 
figure  was  performed  6  montns  after  quitting 
exercice  program. 


all  cases,  and  electrically  positive  in  only 
one  case  (number  21)  out  of  twenty.  In  this 
case,  isotopic  study  (SPECT,  TC'99)  was 
normal,  and  dsaesed  as  false  positive. 

Figure  number  4  shows  T-wave  changes  in  V5 
lead,  troughout  treadmill  Lest  In  a  HCM 
group's  patient.  T-wavs  turned  to  normal 
ilurlng  exercise  phase  of  the  oruce  protocol, 
returning  to  baaal  shape  in  the  recovery 
period.  W©  found  this  pattern  in  16  out  of  the 
20  cases  with  HCM  (figure  5).  In  the  control 
group  thu  previous  positive  T  wavs,  Incrnosed 
later,  during  recovery  time. 

During  ET,  syst<3llc  blood  pressure  above 
200  »nm  lig,  or  diastolic  blood  pressure  above 
90  mw  Hg  was  lu'f  recorded.  Cardiac  arrytmias 
were  not  preeent. 

tioiter  recorders  did  not  show  pathological 
findings,  only  many  low  density  monomorphic 
PVCs  were*  recorders  in  C  cases  (table  HI). 
PVC  were  jecorded  in  5  control  group  cubbb.  We 
did  not  find  statistical  dlfuioncCB  betwoen 
both  groups. 

DISCUUSlOH; 

Our  Andinqs  eugost  that  a  significant 
flying  population  (B7%)  of  aslmptomatlc 
aircrew  members  with  liKG  pattern  showing 
Isoelectric  T-wave  in  all  leads  but  not  In  V2- 
V3,  with  or  without  negative  T  waves  in  HI 
ond  avK  leads,  are  carriers  of  mild  or 
moderate  HCMs. 

T-wave's  abnocmalitlos  are  very  common  in 
well  trained  sportmen  (9).  It  wo*  demostrated 
by  T*llo-201  sclntigrafic  studies  (10)  that 
they  do  not  arise  from  perfuslonal  disorders, 
but  literature  ahowed  that  subjects  with  that 
egg's  abnormalities  have  a  higher  mortality 
rate  due  to  sudden  death  and  necropsy  showed 
HC”  In  msr.y  of  these  cases  (H). 

Howdays,  it  is  admited  that  a  IVSWT  of  13 
mm  or  more,  without  arterial  hypertension, 
aortic  steMosls  <>r  another  justificative 
reason,  is  compatible  with  the  diagnosis  of 
HCH.  Very  often,  sportsmen’  bVH  may  lead  to  a 
difficult  assess,  but  it  had  been  demostrated 
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of  aach  Urucu  teat  atagaa.  In  both,  control  and  HCK  subJeclB 
(l»)  was  caicuiatas  m  aach  ataqaa,  comparnd  with  rusting  values. 


(12)  that  IVSWT  more  than  13  iiun  only  appears 
In  very  specific  sports  like  rowers  ur  canoera 
and,  very  rarely  in  bike  riders.  In  all  of 
those  cases,  LV  appear  dilated,  and  LV 
compliance  is  normal  or  increaosod  { 12-14)- 
Though  with  age  LV  compliance  decrease,  a 
mitral  flow  £/k  ratio  below  1  is  exceptional 
to  found  it  in  normal  people  beture  age  of  S5- 
60  (15).  That  decreasaed  complidnce  could  be 
responsible  of  the  light  left  atrial 
enlargement  we  found  in  our  patiens  with  tiCM. 

Meassurement  of  l-V  mass,  may  be  more 
accurate  takad  by  twu'd  Itaeiis  Iona  I  images  in 
cases  whith  asymmetrical  LV  hypertrophy. 
According  with  some  authors  (16,  17)  In  our 
experience  to  trace  accurately,  the 
endocflrdical  edge,  very  often,  has  a  lot  -f 
limitations  On  the  other  hand,  M-mode 
recorders  under  two- dimensional  control  gave 
us  accuracy  reproductibies  meassuremeiits. 
Perhaps,  in  aomo  cases,  we  undereal Imate  LV 
aidbu,  but  nuvor  overastimaLo  it.  Never  suptnl 
or  posterior  wall  were  thicker  in  r.hu  basal 
segments  than  in  the  other  segments.  In 
addition,  when  anterior  portion  ot  septal  wail 
was  larger  than  the  posterior  one,  we 
considered  the  arithmetical  moan  between  both 
values . 

Although  mitral  systolic  anterior 
iii.;uvemenL  (SAK)  and  mid -sistulic  aortic 
valvular  cJonBing  are  more  commnu  >n 
Obstructive  HCM,  it  Is  Ireguent  to  find  it  If- 
the  non-obstructive  HCM  (18).  Thefio  findinge 
nre  show  in  table  111. 

We  did  not  find  any  obtructivo  form  of  MCK 
but,  we  think  that  It.  dowb  nut  mean  tliat  it  is 
not  possible  to  find  it  in  subjets  with  HCGs 
patterns  as  we  described.  We  should  take  into 
account  that  we  hod  been  studlng  a  hnalty 
population  belonging  to  a  risk  job,  who  had 
been  previously  selected  after  a  carefully 
medical  exam,  and  following  a  periodical  exam. 


We  should  pay  atentlun  to  T--wave  ctmnguu 
during  KT  In  HCM  group  (figure  5).  T-wave 
atari  to  be  positive  at  the  end  of  the  Bruce 
second  steep.  There  is  a  stuping  increasing 
until  the  fourth  one.  begining  to  decrd.i8e 
from  the  first  minute  of  ihe  recovery  time- 
Those  1  indins  appeared  in  16  ot  of  the  20 
cases  with  HCM  (80%),  and  none  in  the  contiol 
group,  so  we  consider  tliey  are  very  specific 
of  HCM.  The  T-wav©  behaviour  nay  be  related 
with  one  case  described  by  Lheman  et  al  ()!)), 
one  HCM  in  a  52  years  old  man,  in  wlch  giants 
negative  T-waves  turned  positivey  during  LT. 

It  has  been  demonstrated  t)iat  patiens  with 
HCM,  very  often,  developpe  cardiac  arrythmlas, 
and  Koller  monitoring  demonstrated  vontricular 
arrhytmiaa  in  45%  ol  these  patients  (20), 
deecrlbed  as  the  most  coiioiion  form  of  sudden 
death  (21,23)-  However,  In  90%  of  cases, 
Sudden  dnath  in  HCM  parients,  it  happens 
before  age  of  25.  dortality  appoars  to  bo 
indwpendunt  of  obstruct  ivo  or  non  obHt.ructive 
myocardlopathy .  It  is  rather  conunon  ij\  ooptal 
ansymetric  cases  with  very  abnormal  KKC 
patterns,  including  tiigh  potentials, 
abnormalities  in  ST-T  wave  and  larges  and 
profounds  Q  waves,  having  very  frequently, 
familiary  history  of  sudden  death  (24). 
Mortality  is  3  times  more  frequent  when  L'KG 
recorder  shows  the  above  describsd 
abnormalities  (20) . 

In  our  cases,  Koltor  monitoring  recorders 
did  not  show  significdtlveB  arrythmias.  Thin 
findings  are  rather  different  from  those 
clescrlbud  in  the  literature  (20,  21  ,  23). 
lloiter  monitoring  results  are  siiniiar  In  the 
KCH  group  to  those  in  the  control  group,  but 
less  tho.i  data  presented  by  Kostis  et  al  (25). 
Tliuy  found  Vt'Cc  in  46%  of  Hultei  recorders  in 
normal  people,  having  20%  (nora  than  10  and  5% 
more  than  lOQ  ocrous  24  houis. 

We  think  than  ilCM  in  a  cardiopathy  with  an 
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incidence  higher  chan  what  it  Is  currently 
published,  in  the  Reikiavlch  study  i20),  HCK 
was  found  In  0.8%  of  male  people  with  normal 
CKG,  and  in  l.l  %  of  those  with  abnormal  EKG, 
with  a  global  prevalence  of  1.1%.  We  have 
noted  MCK  in  0.75  %  of  hcaltly  male  adult 
people/  but  incidence  should  be  higher  It  we 
include  cases  non  clinically  manifested  before 
to  be  adult/  obstructive  HCMs  or  other  with 
abnormal  EKG  patterns/  excluded  for  flying 
duty  since  the  begining.  We  have  not  taken 
into  account  cases  with  HCM  and  normal  EKG. 
The  may  be  not  few  because  we  could  see  to 
change  EKG  from  normal  pattern  to  the 
described  isoelectric  T-wave  pattern  In  18  ou 
of  our  21  cases.  This  ECG  pattern  change  was 
showed  between  ages  of  21  and  43/  because  of 
that  we  tthould  expect  to  find  new  cases  in  the 
following  years.  However;  these  cases 
possibly  will  be  rare  enough  in  the  time 
being,  once  ECKO-Doppler  was  performed  In  the 
initial  evaluation  of  pilots,  before  active 
flying  duty. 

Main  question  arise  from  the  prognosis  and 
further  management  of  tliose  flyers.  In  our 
experience  follow  up  do.  s  not  shown  any 
significant  abnormality  (.nd  we  could  assume 
the  prognos.is  as  very  benign,  acctually  more 
than  other  series  described  in  the  literature. 
In  the  benign  cases  described  for  Spirito  et 
al  (26);  across  4  a  following  of  4  years,  25  % 
of  his  patients  hud  symptoms.  In  our  cases  the 
following  is  much  longer  ()3.0t6.6  year*),  in 
some  casus  20  years).  During  this  period  no 
one  had  symptoms  that  we  could  attribute  to 
his  HCM.  Ihey  did  not  show  ventricular 
arrhytmios  in  holter  monitoring.  Oecraassing 
of  LV  compliance  are  more  releva.nt  than  the 
findings  of  spirito  et  al  (26).  Niemaber  et  al 
(27)  found  those  patients  more  prone  to 
sincope  in  HCM,  when  LVEOV  was  lass  than  60 
ml/m’.  Our  cases  did  not  have  sincope  although 
many  cases  had  hVEDVs  smallera  than  50  ml/m’. 

Although  tho  benign  course  of  those  HCM/ 
we  suggest  to  avoiding  heavy  exercise, 
specialy  isometric  exerciso.  Mild  aerobic 
should  not  be  a  formal  contraindication. 
Lhemann  (19^  deecribe  a  patient  who  from  the 
almost  normality  developed  a  severe  HCM,  after 
practising  heavy  exercise.  We  observed,  that 
after  limiting  the  exercise,  ECG  pattern 
improve  clearly,  as  well  as  improve  E/A  ratio 
in  Doppler  mitral  flow,  that  means  and 
improvement  of  the  LV  compliance.  Doppler- 
eohocardiography  aru  recomomnded  for  measuring 
LV  compliance,  as  well  as  EKG  and  Uolter 
recorder,  in  the  following  of  these  pilots. 

Arterial  blood  pressure  must  be  keep  into 
normal  limits  in  this  sub;)ect8,  since  it  was 
demonstrated  (26)  that  hypertension  is  able  to 
act  over  HcM  leading  to  more  serious  formoo 
with  giant  negative  T-waves  in  EKG. 

We  think  these  are  HCM  clinical  forms,  at 
that  time  benigm  forma,  but  they  would  lead  to 
more  dangurous  HCM  patterns,  with  worse 
prognosis.  Only  one  of  out  cases  was  a  high 
perfomancos  aircraft  pilot,  although,  his  good 
flying  tolerance  demonstrated  by  Hnlter 
monitoring  and  during  human  centrifuge 
training,  we  considered  prudent  to  restring 
his  flying  dwtyos  to  conventional  aircrafts. 

We  think  that  iaoelectrics  T-wave  like 
above  described  are  strongly  suspicious  of 
HCK,  Bpecialiy  whan  T  waves  turned  normals  in 
ET.  Whan  we  found  this  EKG  pattern,  we  must 
perform,  in  a  first  time,  a  ECHO^Doppler 
study,  and  not  focus  our  attention  looking  for 
coronary  dlsoase. 
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RESUME 

L'aptitudc  au  pilotage  punt  etre  remise 
en  question  lors  de  la  survenue  de  processus 
paihologiqucs  dont  I'etiologie  n'est  pas  toujours 
connue  Dans  I'Arnicc  de  I'Air  Eranyaisc.  aprcs 
i;n  episode  pathologiquc  impotlant,  Ics  pilotes 
sent  soumis  a  une  expenise  incdicale  qui 
conditionnc  la  reprise  des  vols  Lorsqu'il  est 
necessaire  dc  s’assurcr  qu'il  n'existc  aucun 
risque  lie  aux  accelerations,  les  pilotes  sont 
soumis,  au  Laboratoire  dc  Medecine 
Aerospatiale,  a  une  epreuve  standardisee  en 
eentrifugeusc 

Dc  198.1  a  199.L  112  (ipreuves  en 
centnfugeu.se  out  etc  ptatiquees  Les  alTcctions 
ayant  motive  une  epreuve  en  centrilligcuse  sont 
trcs  laigement  doniinecs  par  des  malaises  et 
pertes  de  connaissance  ct  des  troubles  cardiu- 
vasculaires  qui  sent  essentiellemunt  des 
anomalies  electrocardiographiques  transitoires 
Dans  certains  cas,  les  troubles  initiaux  om  etc 
reproduits  et  analyses  L'epreuve  en 
centrifugcuse  a  souvent  pennis  d'eviter  que  nc 
soil  prononcee  par  exces  une  decision 
d'inaptitude.  lourde  de  consequences  pour  les 
pilotes,  sur  le  plan  psychologique,  et  pour 
I'Armec  dc  I'Air,  sue  le  plan  dc  rinvestis,scmcnt 
de  la  formation  operalionnelle 

1.  INTRODUCTION 

Les  pilules  de  euiii'uai  pcuvciii 
presenter,  au  cours  de  leur  carricre  ou  en  debut 
de  formation,  des  atfections  aigues  ou 
chroniques  II  est  aiors  necessaire  de  s'assurcr 
que  ces  aiTections  ou  leurs  repercussions  tie 
mettent  pas  en  jeu  la  securite  de^  vols  et. 
par  consequent,  I'aptitude  au  pilotage  Dans  la 


majorite  des  cas,  les  pilotes  Francais  presentant 
cc  type  de  problemc  font  I'objet  d'un  bilan 
pratique  dans  un  Centre  d'Expertise  Medicale 
du  Personnel  Navigant  et  eventuellement  d'un 
bilan  compiementaire  dans  le  Sen/icc  dc 
Medecine  Aeronautique  dc  I'Hopital 
d'lnstruclion  des  Armees  (HIA)  Dominique 
Larrey.  a  V'ersailles  Dans  le  cadre  de  ce  bilan 
compiementaire,  plusieurs  investigttions  sont 
menees 

Pour  s’assurcr  que  les  accelerations  -tGz 
ne  soient  a  I'origine  d'une  decompensation  ou 
d'une  aggravation  de  la  pathologic  initiale,  une 
epreuve  en  cenlrifugcusc  est  aiors  pratiquee 
Ellc  a  pour  but  de  rceherchcr  un  lien  dc  cause  a 
effet  entre  le  facleur  dc  change  ct  la  pathologic 
presentee  par  le  sujet,  ou  bien  d'evalucr  le 
rclcntisscmenl  exact  dc  I'affection,  lors  des 
accelerations  '  G^  L'epreuve  en  eentrifugeusc 
est  realisee  dans  sa  forme  aetuelle  depuis  1983 
au  Laboratoire  de  Medecine  Aerospatiale,  au 
Centre  d'Essais  en  Vol,  a  Bretigny-sur-Orge 
(CIcrc  et  coll.,  1989) 

Le  but  de  ee  travail  est  de  diessei  le 
bilan  des  112  expertises  elTectuees  au  cours  des 
1 1  dernieres  annees,  de  1983  a  1993,  chez  107 
pilotes,  5  d'entre  cux  ayant  ete  soumis  a 
l’epreuve  en  cenlrifugeuse  a  deux  reprises. 

2.  MATERIEL  ET  METHODES 
2.1.  Materiel 

L'cxpusiiiuii  aux  aecelei  aiiuiis  +Gz  est 
realisee  grace  a  la  centrilligeuse  humaine  du 
Laboratoire  de  Medecine  Aerospatiale.  Dotee 
d'un  bras  de  6  metres,  eette  centriiugeuse  peut 
delivrer  des  mises  en  acceleration  maximales 
voisines  de  1  G/s. 
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Le  pilote  fait  I'objel  d'une  surveillance 
visuelle  grace  a  un  systenie  video  permettaiit 
d'enregistrcr  I'integralite  de  I'epreuve  et  lui 
circuit  phonique  permet  de  communiquer  en 
permanence  avec  iui. 

L'enregistremenl  des  paramcires 
physiologiques  comporte, 

-  le  recucil  de  i'activiie  electrocardiographique 
(ECG)  sur  3  derivations  standard, 

-  la  mesure  de  la  pression  arterielle,  par  une 
methode  acoustique  classique  utilisa..';  un 
b'assard  pneumatique  telecommande, 

-  la  mesure  du  champ  visucl  sur  un  meridicn 
horizontal  situe  devant  les  ycux  du  sujel.  Cette 
mesure  est  efTectuee  grace  a  une  iatnpe  semi- 
circuiaite  de  70  centimetres  de  rayon,  la  tete  du 
sujet  etant  positionnee  en  son  centre.  Elle 
comporte  dix  huit  voyants  lumineux  de  couleur 
bianche,  separes  entre  eux  par  1 0  degier.  d'arc, 
et  un  voyant  lumineux  central  de  couleur 
rouge.  Le  sujet  doit  fixer  le  voyant  rouge  et 
dctcctcr  i'allumage  d'un  des  voyants  lateraux 
les  plus  peripheriques,  a  droile  ou  a  gauche.  11 
doit  signaler  sa  perception  en  pressant  un 
bouton  poussoir  situe  sur  un  .mi  manche  tenu 
cn  main  droite.  L'absence  de  detection  entraine, 
environ  trois  secondes  plus  tard,  I'allumage 
d'une  lampe  situee  plus  en  avant,  de  1 0  degres. 
Cette  nouvelle  situation  correspond  alors  a  une 
perte  totale  de  champ  visuel  de  20  degres  sur  Ic 
meridien  horizontal. 

2.2.  Methode 

2  2  1.  Protocole  de  I'epreuve 

L.'cprcuvc  en  centrifugeuse  comporte 
deux  sessions  espacees  de  30  minutes. 

La  premiere  session  comporte  une 
succession  de  plateaux  incrementes 
d'acccleration  de  4,  5,  6  et  7  t-G2,  delivres 
selon  une  mise  en  acceleration  de  type  ROR 
(Rapid  Onset  Rate)  a  1  G/s.  Chaque  plateau  cst 
maintenu  pendant  20  secondes  Au  cours  de 
cette  prei  re  session,  le  sujet  ne  bcneiicie  pas 
d'equipeinent  de  protection  anti-G,  par  centre, 
il  peut  eifectuer  des  manoeuvres  musculo- 
respiratoires  a  paitir  du  second  plateau 
d'acccleration  stabilisee,  a  5  +0^,  s'il  en  ressent 
le  besoin,  pour  ameliorer  sa  tolerance  au 
facteur  de  charge. 

Ln  deuxieme  session  comporte  une 
exposition  a  un  plateau  d'acceleration  unique  a 


7  +0^  (jolt:  1  G/s),  d'une  duree  de  20 
secondes.  Le  sujet  est  alors  protege  par  un 
pantaion  anti-G  (ARZ  820),  pressurise  selon 
une  loi  FranpaLse  classique  de  70  hPa/G 
(environ  1  psi/G),  de  2  a  9  rG^.  H  peut 
egalement  pratiquer  des  manoeuvres  anti-G 
volontaires.  Ce  deuxieme  lancement  est 
coiiforme  au  STANAG  OTAN  3827. 

2.2.2.  Interpretation  des  resultats 

Les  donnees  recueillies  tout  au  long  de 
I'epreuve  sent  analysees  pour  la  periode  de 
controle  precedant  le  lancement,  chaque  niveau 
de  plateau  d'acceleration,  la  phase  de 
deederation,  puis  30  secondes  cl  3  minutes 
apres  I'arrel  de  la  centrifugeuse.  Les  principaux 
parametres  analyses,  au  nours  de  chacune  de 
ces  periodes,  sont  la  frequence  cardiaque, 
oblenue  a  paitir  de  I'ECG,  les  pressions 
arterielles  systolique  et  diastolique  et 
I'amplitude  du  champ  visucl  sur  !c  meridien 
horizontal.  De  plus,  I'ECG  fail  I'objet  d'une 
interpretation  tiimpliliee,  compte-tenu  du  faiblc 
nombre  de  derivations  enregistrees. 

Les  anomalies  cliniques  dccelces  par  Ic 
medecin  ou  le  sujet  lui-memc,  en  cours 
d'epreuve  ou  a  Tissue,  sent  egalement  relevees. 

Dans  certains  cas,  lorsque  Texpeitise 
poitc  sur  des  anomalies  de  I'ECG,  le  sujet  est 
porteur  d’un  Hotter  ECG  au  cours  dc  I'epreuve 
en  centrifijgcusc. 

3.  RESULTATS 

3.1.  Uoiiii^es  epideiniologiqucs  giuierales 

La  quasi  lotalite  aes  1 12  epreuves  a  ete 
demandcc  par  le  Service  dc  Mcdccinc 
Acronautique  de  Till  A  Dominique  Larrey,  les 
autres  etant  pratiquees  a  la  dema.nde  du  Centre 
Principal  d'Expertise  du  Personnel  Navigant. 

Les  categories  dc  pilotes  soumis  a 
I'epreuve  cn  centrifugeuse  son!  celles  qui  soul 
susceptibies  d'etre  expo:.ees  a  des  accelerations 
^  Gz  en  voi.  11  s'agit  de: 

-  pilotes  de  chasse,  ayant  effectue  en  moyenne 
2  000  heures  dc  vol;  51%  , 

-  clevcs  pilotes,  ayant  accompli  en  moyenne 
135  heures  de  vol:  38%, 

-  moniteurs,  totalisant  plus  de  3  000  heures  de 
vol:  9%. 

pilotes  d'essais:  2%. 
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Les  pathologies  ayant  motive  I'epreuve 
en  centrifugeuse  sont  reparties  en: 

-  malaises  et  des  pertes  de  connaissance  (PC), 
survenues  en  vol  ou  en  dehors  du  vol:  41%, 

-  pathologies  cardio-vasculaires:  30%, 

-  affections  thoraco-pulmonaires:  8%, 

-  affections  rachidiennes  8%, 

-  affections  diverses:  13%. 

A  Tissue  de  Tepreuve  en  centrifugeuse, 
en  fonction  des  resultats  obtenus,  mais 
egalement,  en  fonction  d'autres  examens 
complementaires,  le  specialiste  du  .Seivicc  de 
Medecine  Aeronautique,  a  proposi  au  Centre 
Principal  d'Expertise  du  Personnel  Navigant 
une  decision  concernant  Taptitude  au  pilotage. 
Cette  proposition,  connue  pour  103  des  112 
expertises,  chez  98  pilotes,  etait  en  faveur  des 
decisions  suivantes: 

-  aptitude  .sans  restriction:  30%, 

-aptitude  teniporaire  de  3  a  12  mois,  avec 
nouveau  bilan  hospitaller  a  Tissue:  25%, 

-  aptitude  par  derogation  aux  normes 
medicales:  13%, 

-  leclassemcnt  dans  une  categoric  exempte 
d'expositions  aux  accelerations  de  haul  niveau: 
17%, 

-  inaptitude  temporaire:  2%, 

-  inaptitude  definitive:  13%, 

La  proposition  concernant  la  decision 
d'aptitude,  a  ete  etudiec  en  function  de  la 
categoric  des  pilotes  expertises.  La  repartition 
des  avis  sur  Taptitude,  en  fonction  de  la 
specialite  aeronautique,  sur  Tcnsemble  des  cas 
pour  lesquels  ils  sont  connus,  est  la  suivante: 

-  aptitude  sans  restriction:  12  cleves  piictcs,  15 
pilotes  do  chasse  et  3  moniteurs, 

-aptitude  temporaire:  6  cleves,  18  pilotes  de 
combat  et  2  moniteurs, 

-  aptitude  par  derogation  aux  normes 
medicales:  1  elevc  pilote,  10  pilotes  de  chasse 
et  2  moniteurs, 

-  reclasseinent:  1 1  eleves  pilotes  et  7  pilotes  de 
chasse, 

-  inaptitude  definitive:  1 2  cleves  pilotes  et  I 
pilote  de  chasse. 

3,2.  Donnccs  recueillies  en  cours  d'epreuve 
en  centrifugeuse  par  types  de  patholugie 

3.2.1.  Malaises  et  pertes  de  connaissance  (PC): 

Les  43  cas  de  malaises  et  PC,  chez  4 1 
sujets,  se  repartissent  a  parts  egales.  Les 


malaises  et  PC  ont  ete  identifies  en  vol  dans 
79%  des  cas  et  en  dehors  du  vol  dans  21%  des 
cas.  Les  79%  de  troubles  observes  en  vol  sont 
represente  par  la  somme  de  43%  de  malaises  et 
36%  de  PC.  Les  21%  de  troubles  observes  en 
dehors  du  vol  sont  represente  par  la  somme  de 
7%  de  malaises  et  1 4%>  de  PC. 

La  repartii.on  par  specialites  des  pilotes 
soumis  a  Tepreuve  en  centrifugeuse  pour 
malaises  ou  pertes  de  connaissance  est  dc  63% 
pour  les  eleves  pilotes,  de  33%  pour  les  pilotes 
dc  chasse  et  de  4%  pour  les  moniteurs  et  autres 
categories. 

Les  malaises  en  vol  ont  affcL-ie  en 
moyenne  une  proportion  de  4  eleves  pour  6 
pilotes  confirmes  tandis  que  les  PC  en  vol  ont 
affecle  en  moyenne  u.te  proportion  de  8  eleves 
pour  2  pilotes  de  combat. 

Dans  53%  des  expertises  en  rapport 
avec  ce  type  dc  symntomatologie,  Tepreuve  en 
centrifugeuse  n'a  pas  mis  cn  evidence 
d'anomalic  partieulicre.  Bn  revanche,  ellc  a 
peimis  de  icproduite  la  symmomatologie  dans 
23%  dcs  cas  Pour  les  ?  ■  /o  restant,  d'autres 
anomalies  ont  ete  obsiivees;  il  s'agit,  le  plus 
souvent,  de  troubles  du  rylhnic  cardiaque,  ou 
de  troubles  apparentes  a  la  symptomatologie 
ayant  motive  Tcxpci  tise,  mais  leui-  iinpoitanee 
est  moindre  (par  exemple  des  troubles  du 
champ  visucl  chez  un  sujet  expei  Le  pour  unc 
perte  de  connaissance),  ou  plus  grande  (pat 
exemple  une  perte  de  connaissance  chez  un 
sujet  expertise  pour  malaise  en  vol), 

Sur  Ic  plan  dc  Taptitude,  au  ternie  dc 
Texpertise  des  malaises  et  pertes  de 
connaissance  le  specialiste  de  Medecine 
Aeronautique  s'est  prononce  en  faveur  dcs 
decisions  suivantes 

-aptitude  .sans  restriction  dans  10  cas  sur  43 
(23%),  chez  7  eleves  pilotes,  2  pilotes  de 
chasse  et  1  pilote  d'essais.  Dans  tous  les  cas, 
Tepieuve  en  centrifugeuse  a  ete  strictement 
normale. 

-  aptitude  temporaire  avec  nouveau  I  ilan 
hospitaller  a  Tissue  dans  8  cas  sur  43  (19%). 
chez  2  eleves  pilotes  et  6  pilotes  de  chassc.  La 
symptomatologie  n'a  ete  reproduite  cn 
centrifugeuse  que  dans  1  cas,  et  d'autres 
anomalies  ont  ete  observees  dans  2  cas. 

-  rcclassement  dans  des  categories  autres  que 
Taviation  de  chasse  dans  1 1  cas  sur  43  (26%), 
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chez  7  elevcs  pilotes  et  4  pilotcs  de  combat  cn  prononce  cn  favour  des  decisions  suivantes  (33 

debut  de  carriere,  ayant  a  leur  actif  400  a  1 100  cas  connus  sur  36): 

heures  de  vol.  l,a  symptomatologie  n'a  etc  -  aptitude  sans  restriction  dans  8  cas  (22%), 

reproduite  que  dans  2  cas  au  cours  de  I'epieuve  chez  1  eleve,  6  pilotes  de  chasse  et  1  nionileur, 

en  centr'fUgeuse;  une  symptomatologie  pour  troubles  du  rythme  dans  3  cas,  troubles  de 

differcnte  a  ete  retrouvee  dans  3  cas  la  conduction  dans  4  cas  et  HTA  traitee 

-  inaptitude  icmporaire  chez  1  pilotc  de  chasse  incdicalemcnt  dans  1  cas, 

qui  n'a  pas  presente  d'anomalie  particuliere  au  -aptitude  tempoiaire  dans  1 1  cas  (31%),  chez 

cours  de  I'epreuve  en  centrifugeuse.  I  eleve,  7  pilotes  de  chasse  et  3  monitcurs, 

-  inaptitude  definitive  dans  1 0  cas  sur  43  pour  troubles  du  lythme  dans  5  cas,  ti  oubles  de 

(23%).  Celie-ci  a  ete  pronor.woe  chez  9  cleves  la  conduction  dans  2  cas,  valvulopathies 

pilotes  et  1  pilote  de  combat  ayant  1600  heures  associees  a  des  troubles  du  rythme  dans  2  cas 

de  vol  a  son  actif  l.a  symptomatologie  a  etc  et  HTA  dans  2  cas  (dont  1  traitee 

reproduite  en  centrifugeuse  dans  6  cas;  les  4  inedicaleineiit  ), 

cas  restant  ont  presente  d'autres  troubles  (voile  -  reclassement  dans  des  categories  autres  que 

noil  associe  a  des  troubles  du  rythme  cardiaqtii  I'aviation  de  chasse  dans  5  cas  (14%),  chez  2 

dans  2  cas,  troubles  du  lythme  cardiaque  a  type  elcvc.s  pilotes  et  3  pilotes  de  chasse,  pour 

d'extra.sysf.ilic  ventriculairc  dans  1  cas  cl  PC  valvulopathic  dans  2  cas  et  troubles  du  lythmc 

dans  I  cas).  dans  3  cas, 

‘  Jans  3  cas  sur  43  (7%),  la  decision  -  aptitude  par  derogation  aux  normes  mcdicalcs 
d'aptitude  n’est  pas  connue  dans  7  cas  (19%),  chez  1  eleve,  5  pilotes  de 

chasse  et  1  moniteur, 

3  2  2.  Pathologic  cardio-vasculaire  -inaptitude  tempoiaire  dans  1  cas,  chez  tin 

Une  pathologic  cardio-vasculaire  a  fait  pilote  de  chasse  presentant  unc  extrasystolie 

I'objct  d'une  epreuve  cn  centrifugeuse  dans  36  vcntriculaire  reproductible  a  I'epreuve  en 

cas,  chez  34  pilotes.  Ces  derniers  etaient  des  centrifugeuse.  Trois  inuis  plus  turd,  a  Tissue 

pilotes  de  chas.se  dans  71“/o  des  cas,  des  cleves  d'uae  deuxieme  epreuve  cn  centrifugeuse,  tin 

pilotes  dans  23%  des  cas  et  des  monitcurs  dans  avis  favorable  pour  unc  aptitude  tempoiaire  a 

6%  des  cas.  etc  cmis,  Ics  troubles  reproduits  'ayant  une 

Les  afiections  cn  cause  sent  des  apparcucc  benigne, 

anomalies  de  TECG  dans  26  cas  (72%),  -  inaptitude  definitive  dans  1  cas,  chez  un  eleve 

represenlees  par  des  troubles  du  lythmc  pilotc  ayant  presente  un  trouble  du  rythme  a 

cardiaque  et  des  troubles  de  la  conduction  type  de  uysfonction  sinusalc,  leproduit  a 

(extrasystolie  auriculaire  et/ou  ventriculairc,  I'epreuve  cn  eenlrifuguuse  au  cours  de  laquelle 

bloc  auriculo-ventriculaire  du  ler  ou  du  2nd  une  extrasystolie  vcntriculaire  a  egalemcnt  etc 

degre,  bloc  de  branche  droite  ou  gauche  misc  cn  evidence, 

coinplet  ou  iiicomplet).  Dans  6  cas  (17%),  les 

sujets  presement  dcs  valvulopathies  moderccs  3.2.3.  Pathologie  thoraeo-pulinonairc: 
(insufilsanccs  mitralc  ct/ou  tricuspidienne,  Les  alVcctions  thoraco-puimonaires 

prolapsus  mitral,  insuHisanee  aortique),  Dans  4  pour  Icsquclles  unc  indication  d'epreuve  en 

cas  (1 1%),  une  hypertension  anerielle  (HTA)  centrifugeuse  a  etc  posce,  soni  au  nombre  de  9 

est  en  cause  (3  HTA  sous  traitement  (8%).  Un  cas  presente  unc  sarcoidose 

medicameiitcux  et  1  HTA  d'elTort).  inediastino-thoracique,  mais  dans  la  niajorile 

Au  cours  dc  I'epreuve  en  centrifugeuse,  dcs  cas  il  s'agit  d'aft'ections  chirurgicales 

la  symptomatologie  a  ete  reproduite  dans  16  consolidee.s  (8  cas),  constitutes  par  1  cas  de 

cas  (44%);  d'autres  troubles  ont  ete  obseives  tumeur  picurale  benigne  operee  et  7  cas  de 

dans  8  cas  (22%)  dont  3  cas  avee  1*C.  pneumothorax  avant  subi  une  symphyse 

Sur  le  plan  de  Taptitude,  au  terme  dc  pleurale  plusieurs  niois  auparavant,  souvent 

Texpertise  des  pathologies  cardio-vasculaiics,  accompagnec  d'une  resection  de  dystrophic 

le  specialiste  de  Medecine  Aeronautique  s'est  bulleuse  pulmonaire.  Deux  expertises  ont  ete 

cITectuees  chez  le  meme  sujet  qui  a  presente,  a 
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4  ans  d'intervalle,  un  pneumothorax  spontane 
de  chaque  cote  Dans  I'un  des  cas,  )e 
pneumothorax  est  survenu  pendant  le  vol,  au 
cours  de  la  pratique  de  voltige. 

Les  pneumothorax  operes  soumis  a 
I'epreuve  en  ccntrifligeuse  ont  affectc  3  eleves 
pilotes,  2  pilotes  de  chasse  (a  2  reprises  pour 
I'un  d'entre  eux)  et  1  moniteur. 

L'cpreuve  en  centrifugeuse  n'a  jamais 
mi;  en  evidence  de  syinptomatologic  en 
rapport  avec  I'affection  initiale.  Dans  3  cas,  des 
anomalies  de  I'ECG,  a  type  d'extrasystoles 
ventriculaires  isolces,  ont  etc  retrouvees,  mais 
leur  apparence  etait  bcnignc. 

La  proposition  d'aptitude  du  specialisle, 
connue  dans  8  cas,  est: 

-aptitude  sans  restriction:  4  cas  (I  cicvc  et  3 
pilotes  de  chasse), 

-  aptitude  temporaire:  2  cas  ( I  elcve  ct  I  pilotc 
de  chasse). 

-  aptitude  par  derogation  aux  nornics 
mcdicales:  2  cas  (!  pilote  de  chasse  el  1 
moniteur). 

3.2.4.  Pathologic  rachidienne: 

Les  afiections  rachidicnnes  pour 
lesquelles  unc  eprcuve  en  centrifugeuse  a  etc 
indiquee,  sent  constituccs  par  1  cas  de 
lombosciatique  en  cours  de  remission,  sous 
traitement  medicamenteux,  et  7  cas  de  hernie 
discalc  ayant  subi  une  cure  chirurgicale 
plusieurs  mois  auparavant.  Dans  I'un  des  cas, 
chez  u;i  pilote  de  chasse,  une  hernie  discale 
affectait  le  rachis  ccivical. 

Au  cours  ct  au  dccours  dc  I'cprcuvc  en 
centrifugeuse,  aucune  symptomatoiogie 
rachidienne  n'a  ete  obseivce. 

A  Tissue  de  I'cxpertise,  les  propositions 
d'aptitude  etniscs  par  le  speciaiiste  ctaieni: 

-  aptitude  sans  restriction:  5  cas  (4  pilotes  de 
chasse  et  1  monitcrir), 

-  aptitude  par  derogation  aux  normes 
medicales;  3  cas  (tous  pilotes  de  chasse) 

3.2.5.  Pathologies  diveises; 

Dans  14  cas,  diverses  pathologies  oiu 
fait  Tobjet  d'une  indication  de  Tepreuve  cn 
centrifugeuse.  Les  patliologies  les  plus 
frequentes  sont  les  affections  chirurgicales 
abdominales  traitees.  Parfois,  une  pathologic 
atypique  a  motive  Tindication  de  i'epreuve  cn 
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centrifugeuse,  pour  ecarter  la  possibilite  de 
recurrence  des  troubles  sous  acceleration: 
manifestations  electro-encephalographiques  dc 
type  pointes-ondcs,  paralysie  du  nerf  moleur 
oculaire  commun  en  vol  sous  accelerations, 
hemorragies  du  coips  vitre.  Dans  un  car.,  la 
bonne  tenue  sous  accelerations  d'un  implant 
cristallinien  a  etc  venfice. 

De  maniere  generale,  ces  diverses 
pathologies  n'ont  pas  etc  reproduites  ou 
aggravecs.  Dans  4  cas,  des  extrasystoles 
ventriculaires  isolecs,  d'apparence  bcnignc,  ont 
etc  mises  en  evidence  au  cours  des  lanceincnts. 

A  Tissue  dc  Texpeilise,  les  propositions 
d'aptitude  emises  par  le  speciaiiste  ctaient: 

-  aptitude  sans  restriction:  4  cas, 

-  aptitude  temporaire:  5  cas, 

-  rcclasscment:  1  cas. 

-  inaptitude  definitive  1  cas. 

4.  D^SCUSS10^ 

4.1.  Indications 

L'analyse  epidemiologiquc  des  cas  pour 
Icsquels  Tindication  d'une  eprcuve  en 
centrifugeuse  a  etc  posce  reeouvren;  un 
eventail  de  pathologies  lelativemcnt  restremt. 
En  effet,  dans  un  nombre  important 
d'expettises,  le  diagnostic  etiologique  et  le 
pronostic  des  affections  cn  cause,  lace  a 
I'cxposition  aux  aecdlerations,  soiu 

rclativemem  biens  connus  et  par  consequent,  la 
decision  d'aptitude  peut  etre  prise  sans 
ambiguite.  II  n'en  n'est  pas  de  meme  au  cours 
dc  certaiiics  affections  iransitoires  ou  mal 
defaiics,  tclles  quo  les  malai.ses  en  vol  ou  en 
dehors  du  vol.  ct  des  anomalies  dont  le 
prono.stic,  sous  acceleration,  est  incertain,  cn 
paiticulier  pour  ceitaines  anomalies 

transitoires  de  TECG  ou  pour  des  affections 
chii-urgicales  traitees  pour  lesquelles 
I'cxposition  aux  accelerations  coiistitue  un 
risque  potentiel.  Le  speciaiiste  charge  d'emetti  e 
un  avis  sur  Tapiitude  au  vol  de  sujets  picsentant 
de  tclles  symptomatologies  ct  susceptiblcs 
d'etre  soumis  a  des  contraintes  physiologiques 
importantes  telles  que  les  acccidrations, 
redoute  le  risque  de  suivetiue  d'une 
incapacitation  soudaine  cn  vol,  en  parliculicr 
sur  un  avion  monoplace.  Par  consequent, 
Texposition  aux  accelerations  en  certrifugeuse 
peut  lui  apporter  des  arguments  precieux  pour 
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formuler  uii  avis  sur  I'aptilude.  Do  maniere 
generale,  I'epreuvc  en  centrifugousc,  qui  n'est 
pas  un  examen  anodin,  n'est  jamais  prescrite  si 
les  autres  examcns  para  cliniques  subis  par  le 
pilots  permettent  d'eniettie  un  avis  d'inaptitudc 
(Seigneuric,  1993). 

4.2.  DifTicuk^s  incthodologiqucs 

L'epreuve  en  centiifugeuse  pcrmef  Ic 
recueil  de  parametres  physiologiques  objectifs 
donnant  des  indications  sur  {'adaptation 
hcniodynamiquc  et  la  tolerance  des  sujets  au 
facteur  dc  cliargc.  Des  diflicultes 
methodologiqucs  sont  souvent  rencontrecs. 
Ccrtaincs  dc  ccs  dinicultes  sont  liccs  au 
caractcrc  dynainique  dc  Tepreuve.  Par  excniplc, 
I'enrcgistremcnt  electrocaidiograpltiquc  pent 
etrc  fortemcnt  parasite  par  Ic  iccucil  siinultanc 
d'un  signal  clcctioniyogiaphique  gcndrc  par  la 
pratique  de  niunocuvrcs  anti-G  volontaircs, 
malgre  une  disposition  pailiculierc  des 
electrodes,  Dans  ce  cas,  I'intcrpictation  dc 
I'ECG  peut  ctre  extieinement  ditlieile.  De 
nieine,  la  contraction  vulontaiic  des  tnonibrcs 
superieurs  pose  souvent  des  problemes  dc 
mesure  de  la  prcssioii  artcrielle  au  brassard. 
D'autres  diflicultes  inetliodologiques  sont  liecs 
au  caractcrc  interact  if  des  tests  pt  atiques. 
Aiiisi,  la  mesure  du  champ  visucl  sur  I'axc 
horizontal  nc  fournit  des  informations  que 
toutes  Ics  3  a  4  secondcs.  Dc  plus,  die  n'a  de 
valctir  (|uc  si  le  lest  de  delcctio.i  dc  I'uiluinage 
des  lampcs  est  bicn  pratique  par  le  sujet.  Datis 
certains  cas,  rattention  du  sujet  est  focalisce 
sur  les  troubles  subjectifs  qu'il  pervoit,  si  bien 
que  le  lest  de  champ  visucl  est  dclaisse  ct  la 
perte  dc  champ  visucl  niesurcc  est  en  fait 
superieuie  a  sa  valeur  recllc  Dans  d'autres  cas 
il  peut  ne  pas  lixer  corrccteiucnt  le  voyant 
rouge  central  et  cflcctucr  des  mouvcinents 
oculaires;  il  est  alors  neeessaire  dc  lui  lappclcr 
de  fixer  son  regard.  A  I'oppose,  le  sujet  peut,  a 
ceitains  moments  fournir  des  rcponscs 
indiquant  une  perte  de  champ  visucl  ntoins 
importante  que  la  perte  de  champ  visuel  rcelle 
Ces  reponses  peuvent  avoir  deux  origines:  dans 
certains  cas,  le  sujet  minimise  volontairemcnc  la 
diminution  de  sa  tolerance  par  crainte  d'une 
repercussion  dcfavorable  sur  I'avis  d'aptitude 
qui  sera  cmis;  dans  d'autres  cas,  il  peut 
presenter  des  scotonies  positifs  dans  son  champ 


visucl  peripherique,  alors  que  la  perte  de 
champ  visucl  central  est  averee,  comme  le 
demonlre  la  derive  du  regard  qui  ne  peut  plus 
etrc  fixe  sur  le  voyant  rouge  central.  Toutefois, 
malgre  ces  nombreuses  diflicultes 
methodologiques,  la  mesure  du  champ  visuel 
constitue  dans  la  majorite  des  cas  un  bon  index 
dc  tolerance  aux  accelerations,  a  condition  d'en 
connaitre  les  limites. 

4.3.  Iiitcret  de  I'epreuvc  en  cciitrirugcuse 

Les  pathologies  pour  lesquclles 
I'epreuvc  en  ccnlrifugcusc  est  indiquec  sont 
ires  nettement  dominecs  par  les  malaises  ct 
pertes  dc  connaissance  d'une  pait  ct  par  des 
anomalies  de  I'ECG  qui  sont  souvent 
dccouvertcs  au  coins  d'examens  systematiques 
d'autre  part.  Ces  pathologies  sont  a  I'origine  dc 
nombreuses  expertises  cll'cctuecs  par  le  Seivicc 
de  mcdccinc  Aeronautique.  Cepeiidant,  peu  dc 
cas  sont  prescnlcs  a  repreuve  cn  centi  ifugeuso. 
D'une  part,  tous  les  sujets  eoiicernes  nc  sont 
pas  susccptiblcs  d'etre  exposes  aux 

accelerations  ct  d'autre  part,  dans  un  nombre 
important  de  cas,  la  decouveilc  de  causes 
organiques  ou  psychologiques  suiiit  pour 

statuer  sur  I'aptitudc  au  pilotage  (Durlaton  et 
Seigneuric,  1992,  Burlaton  et  coll,,  1993), 

Pour  la  seric  presentee  dans  cette  etude, 
Ics  malaises  et  pertes  de  connaissance 
predominent  chez  les  eleves  pilotes.  En  vol,  les 
malaises  sont  plutot  I'apanage  des  pilotes 
conlirmes  alors  que  les  pertes  de  connaissance 
sont  ijiutdt  le  fait  des  eleves  pilotes 

L'iiilolei  ance  aux  accelerations  lice  a 

une  inadaptation  cardio-vasculaire  n'est 

obsci-vec  quo  chez  un  pilote  sur  quatre  ayaiU 
presenie  prcalablement  des  malaises  ou  dcs 
pertes  dc  eonnaissanee.  La  quasi  totalite  dc  ees 
pilotes  etaient  des  lilcves  qui  ont  fait  I'objct 
d'une  inaptitude  definitive.  Bn  revanche,  tous 
les  pilules  declares  aptes  sans  reslnetion  (quasi 
exclusivcmcnt  des  eleves  pilotes)  n'ont  presente 
aucun  trouble  au  cours  de  l'epreuve  en 
centiifugeuse.  L'epreuve  cn  centiifugeuse  a 
constitue  un  test  cle  dans  la  prise  de  decision 
d'aptitude.  Elle  a  certainement  permis  a 
rexpert,  dans  un  nombre  important  de  cas,  de 
maintenir  une  aiHitude  sans  restriction  pour  dcs 
eleves  pilotes  en  debut  de  cairiere,  alors  que  la 
tendance  gencr.ile  est  d'ccarter  cette  categoric 
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de  sujets,  sur  des  criteies  qui  soiit  souveiil 
d'ordre  econoniique  (Gourbai  et  Galle- 
Tessonneau,  1993). 

Parmi  les  expertises  inotivees  par  une 
pathologie  cardio-vasculaire,  la  proportion 
d'anomalies  electrocardiographiques  est  tres 
impoidantc  (72%  des  causes  cardio- 
vasculaires).  Ces  anomalies  predominenl 
nettement  chez  les  piloics  confirmes  (77%  des 
cas).  On  peut  penscr  que  les  pilotes  dc  chassc 
sont  particulicrement  exposes  a  ce  type  de 
pathologie,  cn  raison  du  caractcrc  tres 
arythmogene  des  accelerations  (Clere  ct  coll., 
1985;  McKenzie  ct  Gillingham,  1993) 

Bien  que  repreuve  en  centrifugeuse 
revcle  des  anomalies  dans  2  cas  sur  3  (cardio- 
vaseulaires  ou  autres),  celles-ci  ne  presentent 
pas  de  caractercs  de  gravitc  sous  accelerations. 
Cela  explique  qu'un  scul  cas  d’inaptitude 
definitive  ait  etc  cmis,  chez  un  eleve  pilote. 

En  ce  qui  concerne  les  expertises  pour 
des  caufcs  thoraco-pulmonaires  ou 
rachidionnes,  pom  Icsquclles  une  epreuve  en 
centrifugeuse  a  etc  pratiquee,  Ic  type  de 
pathologie  rcncontic  est  univoque,  conslitud 
quasi  intdgraiciuent  par  !e  imcuinothorax  cl  la 
hernie  discale  traites  chiruigicalcmcnt.  Pour  ces 
pathologies,  il  ctait  recherche  une  recuperation 
quasi  complete  et  rassurance  de  I'absence  de 
risque  sous  acceleration.  L'epreuve  en 
centrifugeuse  constituc  une  veritable  "cp'euve 
de  rehabilitation",  pratiquee  dan.s  des 
conditions  de  sccurite  absolue  (oeigneuric, 
1993). 

D'une  maniere  gencralc,  fepreuve  en 
centrifugeuse  vise  a  reproduirc  une 
symptomatologic  attribuce  aux  accelerations 
ou  bien  a  evalucr  le  risque  d’aggravation,  sous 
accelerations,  dc  pathologies  asymptomatiques. 
Toutefois,  la  centrifugeuse  humaine  r.'est  qu'un 
simulateui  pouvant  generer  des  cantraintes 
biodynamiques  qui  lui  sont  propres.  II  cn  est 
ainsi  des  illusions  soniatograviques  de  pique, 
parfois  ic.sscntics  cn  vol,  '.nais  particulicremoril 
importantes  au  moment  dc  I'arret  de  la 
centrifugeuse.  Ces  illusions,  perfues  dc 
maniere  cxtrcmcment  ddsagreable  par  certains 
sujets,  pourraieni  entraTner  des  troubles 
differents  dc  ceux  q.ii  sont  produit  cn  vol.  Uc 
plus,  au  cours  de  l'epreuve  en  centrifugeuse,  ies 


contraintes  ressenties  par  les  pilotes  sont 
differemes  de  cclles  auxquelles  ils  sont 
habitues.  Ainsi,  Icur  motivation  est  tres 
differente  de  celle  qui  est  suscitee  par  le  vol 
reel.  Frequemnient  les  sujets  SiTectuent  une 
manoeuvre  volontaire  de  protection  anti-G. 
L'experiencc  montre  que  souvent,  malgrc  les 
informations  qui  leur  sont  donnees  pour 
pratique!  correctement  cette  manoeuvre,  celle- 
ci  est  cfrcctuce  de  fa(on  telle  qu'elle  aboutit  a 
la  surveiuic  de  symptomes  d'intolerance  avant 
la  fin  dc  l'epreuve.  Tres  souvent,  egalcnicnt,  les 
sujets  pratiquent  une  polypnee  volontaire, 
gcncratricc  d'une  alcalcsc  rapide,  defavorable  a 
la  tolerance  aux  accelerations. 

Dans  un  certain  nombre  dc  cas,  toutes 
les  conditions  ayant  favorise  une 
synti)tomatologie  transitoire  peuvent  ne  pas 
ctre  reunics  au  cours  dc  l'epreuve  cn 
centrifugeuse  (conditions  thermiques, 
psychoaflcctives,  etc  .)  Malgrii  ces  difficultcs 
mcthodologiqucs,  des  anomalies  reproduites  ou 
aggravccs  |)ai  l'c|)reuve  cn  centrifugeuse 
garden!  une  valour  importante  cai'  ellcs 
constituent  souvent  I'un  des  multiples  elements 
permettant  a  I'expert  de  statuer  sur  la  decision 
d'aptitude.  En  effet,  lorsqu'apparaissent  des 
troubles  objectifs  pouvant  entralnei  une 
incapucite  a  piloter,  l'exi)ert  sc  prononce  pour 
une  inaptitude  definitive,  ct  ceci  en  toute 
sccurite,  en  cenirifugeusc,  ct  dans  un  nombre 
de  cas  extremcmenl  limite. 

4.4.  Perspectives  d'avenir 

Les  avions  dc  combat  qui  scront  mis  en 
service  dans  un  futui  pi  uche  pourront  delivrer 
dc-s  accelerations  brutales,  intenscs  et 
soutcnucs.  II  est  probable  que  pour  I'avcnir,  il 
sera  neccssaiic  d'adapter  les  profils 
d'acceleiation,  au  cours  du  test  en 
centrifugeuse,  a  la  specialitii  du  pilote  Ee 
pilote  d'un  avion  dc  combat  devant  soutenir 
9  t  devrait  alors  eti  c  soumis  a  un  test  en 
ceriti'ifugcusc  couvrant  le  doinaine 
d'acceleraiion  de  "avion.  Eii  ce  qui  w>ncerne 
I'elevc,  pilotant  le  plus  souvent  un  avion  dont 
les  pcrfornianccs  sont  moindics,  il  scrait  a 
priori  preferable  de  le  soumettre  a  des  profils 
d'accelcration  moins  eleves,  etant  donne  que 
son  experience  du  vol  et  du  facteur  de  charge 
lie  lui  a  pas  encore  permis  d'acquerir  une 
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sur  le  plan  linancicr. 
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It  has  been  rcconiiiicndcd  tiial  a  pilot  should  fly  as 
soon  ns  possible  aflcr  an  aviation  accident  or 
incident,  provided  he  is  medically  Hi.  This  tradition 
has  been  successful  in  many  eases  and  has  tlicrcforc 
been  accepted  as  the  right  thing  to  do  in  the  Hying 
society.  New  knowledge  about  (Wst  trauinalie 
reactions  related  to  iiecidcnts  has  led  to  new 
procedures  in  the  Royal  Norwegian  Air  Force  in  the 
wake  of  a  crush.  Since  an  accident  necessarily  alTccts 
many  persons,  niucli  like  rings  in  the  w'uter  after 
throwing  a  pebble,  the  new  post  accident  debriefing 
procedures  cover  the  involved  parts  after  a  survivabic 
accident  in  addition  to  (he  rest  of  the  squadron,  A 
considerable  problem  with  post  traumatic  cniotional 
reactions  are  that  they  are  not  usually  detected  right 
after  the  accident,  but  are  clcinems  in  a  process 
rather  than  immediate  results  of  the  acute  event 

Most  signs  and  symptoms  of  emotional  failure  in 
uviaturs  are  nut  easily  delected,  but  may  appear  subtly 
ill  pcrfurniauec,  safely,  salisfactiou,  and  retention 
problems.  On  the  other  side  is  the  emotional  failure 
process  insidious  and  may  in  its  ulterniost  euscqucnce 
lead  to  sudden  incapacitation.  Tlieru  are  inuiiy 
conditions  wliicli  cause  sudden  iiieapasitation  in 
aerospace  medicine,  but  Uicy  arc  mainly  somatic  and 
easy  to  identify.  Tlic  eniotionai  failure  of  aviators, 
however,  lends  to  grow  over  a  long  (icriod  of  time  in 
sinali  iiiercincnts  ivhicli  are  difficult  to  rccogni/.c. 
Anollicr  part  of  the  laiiurc  to  identify  llicsc 
syndromes  luis  to  do  with  the  stigma  associated  with 
emotional  problems.  Tliis  stigma  is  a  part  of  llie 
aviation  culture  wliicli  promutgates  tire  idea  that  loss 
of  self  control  is  cause  for  personal  iiumlliation  and 
sliainc.  When  faced  witii  cinolioiuilly  ladcned  issues 
pilots  ollcn  try  to  ignore  tlicir  emotional  reactions 
and  wiicn  tiicy  feel  tlieir  denial  fails,  they  c-Nperience 
loss  of  control  and  hclplussncs.s.  Pilots  exposing 
lliese  reactions  over  Lime  arc  not  fit  for  flying.  After 
an  accident  such  feelings  may  develop  as  a  result  of 
long  periods  of  cniotional  stress  w  hicli  refer  to 
untreated  reactions.  I'liese  elianges  are  slow  but  one 
can  begin  to  perceive  tlieni  in  cockpit  as  incomplete 
or  late  bricilngs,  distraction,  poor  resource 
management  and  anxiety.  When  the  pilot  c.xiiibits 
subtle  signs  of  witlidrawul,  loss  ofliumor  and  fatigue 


our  awareness  mid  alcrtiicss  towards  tlic  problems 
should  increase.  It  is  possible  to  prevent  cmotioiiul 
stress  reactions  from  being  |)criiianciU  and 
destructive  by  Icacliing  avaitois  and  staff  in  cliargc 
proper  debriefing  procedures  after  a  crasli. 

1iic  way  to  pcifonii  a  psyclioiogical  debriefing  after 
an  accident  varies  from  culture  to  culture  and  nation 
to  iiutioii.  It  is  not  advisable  to  buy  a  debriefing 
program  from  another  air  force,  because  what  is 
I'ccugiii/cd  as  proper  icaetioiis  in  one  culture  niuy  be 
looked  upon  us  reactions  not  coinpatible  witli  the 
typical  aviator  bcliavior  in  aiiotbcr  culture.  1iic 
iiiiportaiit  issue  tliat  cacii  Hying  unit  iris  a  program 
whieli  functions  wlieii  an  accident  lias  luipixmcd.  Just 
a  slap  oil  tile  stiouidcr  IVum  tlic  Higlil  surgeon  after 
the  physical  examination  and  good  luck  wishes,  may 
be  fatal  vvlieti  the  aviator  after  approximulely  two 
years  time  starts  feeling  odd.  Iiaviiig  reactioii.s  of 
anxiety,  fatigue  and  aggression  that  cun  not  be 
cxpiaiiicd  from  his  present  situation. 

When  I  became  inteiesiod  in  tins  field  twelve  years 
ago.  tlie  first  ease  I  was  eonfroiitcd  .viih  was  a  pilot 
that  liud  ejected  sucecssl'ully  I'rom  an  i'  -  lf>.  I  Ic  bad 
no  physical  injuries  and  was  encouraged  to  euiiliiiuc 
his  Hying  program  as  soon  as  |>ossible  after  liic 
accident  invcsligatiun  board  liad  fmislied  its 
inquicries.  Everything  .seemed  to  be  tine  and  the  pilot 
performed  ins  joli  apparently  in  tlic  same  way  as  prior 
to  tlic  accident.  After  some  time  lie  Uevcluped  fear  of 
certain  flying  programs.  Prior  to  the  accident  lie  was 
social  and  outgoing,  but  this  elumged  and  he  beeaiiic 
aggressive  and  retreated  from  the  squadron's  social 
life.  All  tiicse  symptoms  developed  so  giuduatly  tliat 
lie  liinisclfw.'is  not  aware  uf  tiie  elianges  in  his 
personality  tliat  liad  taken  place.  His  denial  of  tlie 
fuels  was  so  successful  tliul  lie  did  not  obtain  iiitiinulc 
confaci  with  his  own  einuiiuiis.  Wiiai  iiiade  iuiil 
consult  to  the  Institute  of  Aviation  Medicine  was  his 
lack  of  physical  well  bceing.  He  complained  about 
chest  pains  and  digestion  disorders.  After  a  tliorougli 
medical  examination  it  was  ecncludcd  that  he  was 
physically  fit  for  duly,  but  tliat  iris  problems  iiiiglit  be 
emotionally  based.  After  several  cunsultutions  it 
became  apparent  tliat  his  complaints  had  gradually 
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Started  after  the  ejection,  and  that  lie  had  tried  to 
repress  the.se  reactions  out  of  fear  for  bccing 
grounded.  Nobody  iuid  told  him  about  normal 
emotional  stress  reactions  after  an  accident,  but 
cvciybody  kept  telling  him  how  lucky  he  was  that 
nut  only  had  he  survived  the  accident,  but  he  did  not 
even  have  a  scratch.  This  lack  of  ability  to  feel 
grateful  disturbed  him,  so  he  tried  to  repress  Ilia 
problems  even  harder. 

The  result  of  this  accident  could  very  well  have  been 
another  incapacitated  aviator  who  received  life  long 
waiver.  Alter  a  number  of  sessions  of  psyciiological 
consultaiice  inclnding  infurmalion  about  normal 
emotional  reaction  patterns  after  critical  stress 
incidents  the  pilot  started  on  his  way  back  to  normal 
flying  duty.  Today  he  is  a  well  functioning  pilot. 

The  ordinary  questionnaires  to  be  completed  eitlier  at 
tile  annually  medical  csaminaliun  or  alter  an 
accident  at  incident  contain  icmurkably  few 
qncsliuns  about  the  aviator's  mental  status. 

One  of  tlic  questions  read:  "Can  you  lliink  of  any 
psychological  or  pcrsniial  conditions  lliat  might  iiave 
interrerred  with  your  Hying  lalcly'i'"  Other  questions 
inquire  abut'i  frequent  trouble  wiili  sleeping, 
depression  oi'  excessive  worry,  loss  of  memory  or 
amnesia,  nervous  trouble  of  any  sort.  1-cw  llighi 
surgeons  have  been  educated  in  crilictil  incident 
stress  luaeliuns  and  how  they  may  interfere  with  the 
pilot's  menial  balance,  (hey  ilicrefore  have  a  tendency 
to  concentrate  on  the  physiological  e.xaniinatloii  and 
give  the  pilot  his  medical  classiliciUioii  based  on 
those  rc.sulls. 

With  new  information  about  normal  emotional 
icaulions  alter  ucciUciits  and  incidents  Hie  icaching 
program  in  aviation  medicine  for  both  llighi  surgeons 
and  aviators  in  the  Royal  Norwegian  Air  Torco 
contains  instniction  in  this  field  This  program  has 
made  the  aviators  mure  aware  of  wliich  ciiiolional 
reactions  to  be  expected  after  an  accident,  how  lung 
do  they  last  and  how  lo  treat  llioni.  This  instruction 
has  made  psychological  rcaclioiis  more  accepted 
and  prepared  the  aviators  lo  look  al  psychological 
debriefings  as  a  imitter  of  routiiio. 

The  program  starts  with  an  oveiview  nfwliicti 
reaeliuns  to  expect  alter  an  aceidciil  and  wliat  to 
expect  if  a  psychologically  debricling  is  not 
performed  Knowing  wiut  ai>v  normal  icnclioiis 
makes  it  easier  to  accept  tlmiii  and  undcislaiid  Iliat 
tlicy  arc  appropriate  in  relation  to  the  c.xtrciiic  .stress 
tlicy  have  been  expo.sed  to.  The  advantage  ol 
performing  tire  debriefing  shortly  alter  the  incident  is 
undcrliitcd.  SevernI  of  the  pilots  who  liavc  gone 
through  the  training  program  have  themselves  been 
in  an  accident  or  incident,  liave  repoifed  back  that  it 
was  not  so  dilTicult  to  accept  the  typical  ineidenl 


stress  reactions  wlicn  they  were  prepared  for  them. 
They  also  felt  comfortable  in  discussing  these 
cinolional  reactions  with  close  relatives  or  colleagues, 
instead  of  keeping  ihcni  all  lo  themselves. 

Each  squadron  has  made  its  own  emotional 
debriefing  program  to  be  pul  into  aciion  alter  an 
accident  The  program  slates  wlien  a  debriefing 
should  be  performed  lo  aciion  and  wlio  slioiild 
participate.  After  an  aecidem  also  next  of  kin  should 
be  included,  in  order  to  make  them  aware  of  normal 
reaction  paltcrns  in  their  spouses  uiid  llius  inform 
them  of  lire  imixiilancc  of  tlicir  supportive  role  in  the 
stress  rcaetioii  process  Ideally  this  debriefing 
program  should  be  run  by  the  squadron  itself,  thus 
underlining  that  the  reactions  to  come  arc  quite 
normal.  Howcs'cr.  there  sliould  always  be  a  flight 
surgeon  or  a  fiighl  psychologist  close  ai  hand  in  these 
sessions  in  order  to  releave  the  squadron  leader  of 
some  responsibility,  and  also  lo  act  as  a  safety  valve 
in  ease  this  is  needed.. 

In  (he  flight  surgeon's  cdiiealion  they  arc  taught  lo  be 
especially  aware  of  psychological  and  somnlic 
rcaclioiis  alter  accidenis.  1'licy  arc  also  made  aware 
of  their  responsibility  to  follow  up  aviiitors  who  tinve 
been  arfccled  by  incidents  and  accidents. 

.Since  (his  program  has  been  activated  the  pilots  have 
appeared  fit  for  flying  as  soon  as  they  have  been 
released  by  Hie  accident  investigation  board.  They 
should,  however,  be  made  aware  ihni  they  will 
expeviciicc  a  slower  progression  in  their  Irnining 
prugiam  than  normal  in  Hie  first  six  niuntlis  lo  come, 
and  also  Ihul  their  cognitive  cnpacily  may  be  reduced 
in  (his  (Nriod. 

In  addirioii  they  we  Icncli  them  that  tin::  initial 
rcaetioii  to  aeeideiit  stress  is  a  sense  of  iimcalilv 
Somebody  may  also  have  a  strong  feeling  of  iiiiicr 
emptiness.  It  is  diflieull  lo  fully  grasp  what  really 
happened.  Gradually  the  sequence  of  events  will 
however  sink  in.  and  it  is  at  this  stage  that  Hie 
sirungesl  reaclioirs  nianifcsl  Hiciiisclvcs.  Aii.xiely  is 
one  of  these  rcuctions.  U  is  often  accompanied  by 
uncomfortable  rcstlcs.sncss  and  may  cause  somatic 
symptoms  like  shivering,  swcalning.  palpitations, 
pressure  in  the  chest  nausea  and  Iciisiuns  in  the  body, 
just  like  the  cxpeiiencos  of  the  pilot  I  referred  to  in 
the  iiilroduclioii  of  this  paper.  Many  pilots  will  tlius 
blame  themselves  and  feel  guilty  for  having  sun,  ived 
when  their  oollagiics  lost  thei.-  lives,  it  becomes 
diflticuU  for  them  lo  eonsciitralc  on  funetioiiing 
adequately,  both  at  work  and  at  home. 

Another  reaction  that  are  easy  to  rccogni.’c  arc  the 
sleep  problems.  Falling  asleep  may  be  difficult,  or  the 
sleep  may  be  disitipicd  due  to  repeated  wakenings 
during  the  niglu.  Dreaitis  may  also  contribute  to 


diilurbiiig  sleep  and  make  llie  person  wake  up  early 
withoul  feeling  rested. 

Some  people  may  feel  a  need  to  be  alone  and  nuiy 
easily  withdraw  from  coiilact  with  others.  They  wish 
to  protect  themselves  against  every  thing  that  could 
revive  or  reinforce  the  strong  distressing  feelings 
Such  reactions  arc  understandable,  but  should  not  be 
accepted,  because  the  way  btiek  to  normal  social  and 
work  related  environmetits  may  be  dilTictilt  and  some 
people  will  need  treatment. 

So  far  this  program  litis  demonstrated  two  cirecls 

A)  Maintaining  the  coiindciicc  level  the 
avittlor  had  prior  to  the  accident,  and 

u)  Demystifying  normtt!  emoliuntil  reactions 
in  flying  pcrsonncll.  which  in  itself  is  a 
very  imixultml  ticcomplislunenl. 

In  cunclu.sion:  the  pilot  is  lit  for  flying  when  he  has 
been  made  aware  of  the  emotions  connected  with  an 
accident  and  what  to  do  if  and  w  hen  they  apiictn  The 
pilot  w  ill  be  able  to  eontnnic  his  duties  if  lie  tuts  a 
supportive  team  that  he  ctin  lean  on  in  the  first  peritxi 
of  lime  after  liis  traimiatie  e.speiicnee.  for  ino.st 
people  il  is  an  adviinlagc  to  gel  back  to  woik  and 
resume  the  normal  activities  as  soon  as  possible  ’I'lie 
aviator  will  be  able  lo  e.scccnie  his  dulics  without 
limitations,  knowing  that  the  emotions  he  has  gone 
through  are  normal  and  espeeled.  provided  the  llight 
surgeon  has  performed  this  (lail  of  his  joh  carefully 
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SUMMARY 

I’liy.sicians  working  in  tlie  field  of  aviation 
medicine  luive  known  from  the  earliest  days  of  the 
s|x;ciaUy  that  the  psychological  fitness  of  aviators 
was  a  critical  elcinent  in  ininiini/ing  aircraft 
accideiiLs.  Studies,  siianiiing  K  decades  of  aviation, 
have  deinoiLSIiated  tlial  tlic  majority  ol  aviation 
accidents  have  been  the  lesult  of  liunnni  factors. 
Selection  of  p.sychologiuilly  lit  candidates  and 
inonituiing  Uie  status  of  designated  Naval  Aviation 
|)eisonnol  has  tlius  Ikcu  one  of  the  major  tasks 
(xirforincd  by  Naval  blight  Surgeons.  I'o  guide 
them,  the  concept  of  Aeronautical  .Ada|)tnbility  lias 
been  devcloiied.  Coni|xrscd  of  two  similar  but 
separate  concepts,  the  tiist  one  reejuires  the  lliglit 
surgeon  to  evaluate  the  motivation,  tein|x;ramuut, 
Ilexihility,  and  appropriate  psychological  defense 
nicchanisnis  of  aviation  candidates.  The  second 
concept  accepts  thill  once  tlcsignated,  an  aviator 
has  proven  his  ability  to  adapt  to  the  rigors  of 
aviation.  Still,  it  requires  tnoiiitoring  of  the 
exixrrienced  aviator's  iiattern  of  coping  with  the 
stresses  of  aviation,  and  provides  the  means  to  find 
designated  |ietsonnul  Not  Aeronautiaiby 
Adaptable  should  maladaptive  lieluivior  alfect  tlic 
safety  of  lliglit.  'I'his  |Ki[)er  will  explore  the  early 
psyehologieai  .standards  in  the  1 1 S  Navy,  then 
discuss  Aeroiuulical  Ada|)lability  as  it  evolved 
over  the  lust  1.*!  yciirs.  it  will  di.seuss  the  rational 
Ixibind  tbc  current  concept  and  show  bow 
Aeronautical  Adaptability  provides  a  (ah,  timely 
system  of  review  to  help  the  U.S.  Naval  Might 
Surgeon  process  dilTieull  cases  that  could  prescni 
an  uiiucccptahle  safety  risk  in  Naval  Aviation. 

1.  EARLY  STANDARDS 

Might  surgeons  have  faced  the  challenge  of 
selecting  quulilied  tiight  training  euiididutes  fioiii 
mililary  uviution's  curliest  days.  Initial  physical 
stundaids  were  simple,  lilliiig  less  than  two  |>jges 
(1).  While  any  physical  defect  was  grounds  for 
rejection,  physicians  working  in  tlie  field  of 
aviutiuii  mcdieiiie  before  World  War  One  jiaid 
little  attention  to  tlie  psychologieul  qualifications 
of  tlic  applicants.  Myers  of  tlial  era 


were  often  “coiisidoied  ‘fixils’  and  ‘cra/.y'  (2)  ” 

The  1912  directive  from  the  Army  Surgeon 
lieneral  on  aviation  seleelion  made  no  mention  of 
a  cundidute's  ]Ktsonality  or  psychological  status 
(3).  leilcr  tliat  same  year,  the  Navy  largely  copied 
the  Army  standards  when  creating  Naval  C’ireular 
latilcr  No.  1ZS221  tilled  Aviation  Duty:  I’liysiral 
lixamimtiou  of  Caudidatex.  I'he  only  significant 
addition  to  tlie  Aiiiiy's  directive,  was  a  .dngle  line 
shitiag, "  ...  any  candidate  wlioso  condition  shows 
tlial  he  is  inclined  to  iiiiy  excess  tlial  may  disturh 
his  mental  balimce  or  to  alcoholism,  sliould  Ix' 
rejected  (1)."  Applieuiils  were  ueeeiited  provided 
they  had  eiiougli  nctve  and  passed  tlie  newly 
<levelo|X'd  aviation  pliy.sieal  examination  (4). 

laiily  pliy.sieal  .sluiuliirds  weie  sliingeiil. 

Res|X)iidiiig  to  ie|x>its  liom  (heat  Britain  tiiat 
"Ninety  of  every  itX)  Brili.sli  aviators  killed  diiiiiig 
tills  |x;rirxl  died  Ixcuuse  ol' tlicir  own  individual 
dcricioneics  and  of  tliese,  H)  were  found  to  liave 
Ixieii  directly  due  to  physical  delects  (.S)," 

American  lliglit  imigeons  eieutcd  pliysieal 
slaiidurtLs  to  ensure  tlial  “no  aviator  sliall  lull  in  Ills 
mission  Ixtcausc  ofdiseoveiable  pliyi  ieal  tlefeels 
((•)" 

Nol  all  Ixilieved  sueli  ideal  .standards  were 
necessary.  Assi.suint  Surgeon  R.  1’.  I’arsons  wtis  llic 
first  Navy  physician  to  dixiument  his  dissent.  In 
April,  191K,  Dr.  I’arsoiis  wrote:  "(.lur  Navy  lias 
alicudy  rejected  liundieds  of  applicants  Ix'cause  oi 
trivial  uiiiKir  defects,  iiio.st  of  whom,  it  is  safe  to 
say,  could  liavc  txicome  successful  aviators  (7)." 
I'roublcd  that  lixi  many  ol  these  "|x;rfeet  lieallli" 
men  were  unahle  ioeom|)lele  lliglit  training,  lie 
Ixrcaiiie  "convinced  also  that  there  is  a  xumclliini; 
I’tsv,  wlialcvcr  it  may  ix;,  worthy  of  investigation, 
and  wliicli  should  lx:  deemed  fully  as  im|x>rtaiu  us 
a  physical  examination  for  use  us  a  citerion  by 
wliieh  men  arc  to  lx:  selected  or  lujeeted  in  tlie 
recruitment  of  student  aviators."  By  questioning 
ex|x:riciiecd  flight  insiruetois,  lie  lii  i]xd  to  identil'y 
"tlic  iiio.st  essciiliai  qualities  coiiliibuliiig  to  tlie 
iiiukiiig  of  a  succcssiul  aviator."  'i'o  a  iiuin,  tliose 
surveyed  identified:  "(I)  Coolness  under  sUain,  (2) 
De|x:iKlubIeiiess  to  iilwuy.s  do  the  eorreet  tiling  at  a 
erilicul  inomeiU;  (3)  Mental  and  physical  alertness. 
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C4)  I ^ck  ol'  any  inherent  fctir  ol'  iK'hig  >11  the  air, 
and  (5)  Persistence  and  ixrrscverance  in  his 
aiiihition"  as  tlic  ingredients  necessary  “to  become 
a  successful  aviator." 

I  he  instiuctors  disagreed  on  whether  "the 
temircramental  tyite  of  extreme  stolidity  or  iliat  of 
great  nervous  energy"  was  tire  preferable 
|)ersonality  style  for  the  ideal  student.  Parsons 
devised  10  clinical  te.sts  to  deterniiue  if  the 
instructors’  opinions  were  valid  and  predictive  of  a 
candidate's  Hying  ability.  "I'e.sting  Z."?!)  .students,  he 
Idund  2  tests  that  he  believed  had  sontc  validity,  ^ 
were  of  no  use  and  insurficient  data  was  available 
on  the  other  5.  He  concluded  that  more  woik  was 
needed  to  standardi/.c  tests  that  could  lie  used  to 
suiiiilement  physictvl  exams,  tliercby  impioving  the 
efficiency  of  the  .selection  jirocess. 

2.  BEGINNING  OF  AERONAUTICAL 
ADAPTABILITY 

It  "'ould  apiiear  that  Parson's  pa|)er  had  little  effect 
on  tire  Navy.  Standards  published  in  l'.>22  by 
Neulieiger  cited  the  need  to  carefully  select 
c'andidalu.s,  .stressing  the  requirenients  of  "incalal 
attitude  and  physical  filjicss  (8)."  ’l  otaling  28 
pages,  the  re|K)it  frequently  mentioned  that 
candidates  tw  “nientully  (ittalilied",  yet  tKvei 
defined  wluit  was  mentally  qualifying  or 
disqiwlifying. 

In  1927,  troubled  by  the  high  cost  of  flight 
training,  the  Chief  of  the  Bureau  of  Aeroiiautics 
scut  a  letter  to  the  C  'ommuiidant  of  the  Pcnsiicola 
Naval  Air  Station,  |Kiinting  out  that  jiart  of  the 
ex|icnse  was  due  to  exce.ssively  high  student 
failuic  rales  (9).  The  Su|K  rintcndctit  of  Aviation 
Training  luri'etl  to  his  llight  surgeons  for 
sugge.stioiis. 

I  .ieuteiumt  (  oiuniander  I  xniis  Iverson,  M(  1,  a 
niemlx:i  of  the  first  Navy  class  to  giaduate  Irom 
the  Army  Schcxil  of  Aviation  Medicine,  was 
aheady  working  on  the  piobleni.  fhe  previous 
year,  Iverson  and  I. ieuteiumt  H.  B.  (  runiines,  MC, 
lia'l  implemented  a  loutine  metlKKl  of  evaluating 
the  psychological  fitness  of  candidates.  Iverson 
would  conducl  the  physical  examination  on  each 
candidate,  after  which  ('rummes  obtained  tlieii 
|)sychiattic  history,  liach  medical  officer  would 
attempt  to  form  a  definitive  tipiiiion  of  a 
candidate's  aptitude.  Iverson  and  ( Irummcs  then 
mot  at  the  end  oi'  the  liay  to  discuss  e;u:li  eiidcl 
After  assigning  a  nuineiieal  grade  inerlictive  of  his 
prolrable  success  or  failure,  the  subject's  progress 
in  llight  scliixil  was  monitoicd. 

I'iom  Iverson's  and  Crumrnes  rnirly  work  eame  the 
com;ei)t  of  Aeronautical  Adaptability  (AA).  fhe 
1927  edition  of  tlie  Manual  of  the  Medieal 
I)e|>ar1meut  was  the  first  official  Navy  instruction 
to  use  the  term: 


Aeronautical  adaptability,  tlradcd  from  t)  to 
4.0.  When  derogatory  impressions  are  obtained 
they  will  lx;  Ihe  subject  of  a  confidential  letter 
to  tire  bureau,  accomixmyitig  tire  forwarding  of 
I'orm  No.  I.  If  acrunaulical  adaplability  Is 
graded  1k-|ovv  2.5  and  il' otherwise  physically 
qualified  the  rceommendalion  will  read: 
"Physically  qualified  but  not  tenuxtramentally 
adajited  (lOf 

Vague  from  the  oufset.  the  grading  scale  was 
designed  to  Ix;  com|>alihle  with  the  Navy's 
slandtird  4.0  evaluation  system.  Missing  were 
criteria  U|xin  which  to  assign  values,  so  HiglU 
siiigeoiis  used  their  judgment  to  gradi  candidates. 
AA  Ixtcarnc  an  integral  |)ail  of  the  Naval  Plight 
.Stiigcon  lexicon  in  1927.  and  has  been  a  rei|uired 
deter  ini  nation  on  every  flight  physical,  including 
"winged"  |x;i.sonncl,  .since  that  time. 

Ivcbain's  leixirl  to  the  Bureau  of  Acrorunilics 
f(x;uscd  attention  on  the  problem.  In  1928  Rhoades 
dc-sciilxrd  the  slate  of  Ihe  selection  piix;ess  (11). 
liucli  candidute  received  an  cxten.sive  physical 
cxarti,  which  was  followed  by  a  |)sycliological 
evaluation,  consi.sling  of  a  review  ol  the 
cartdidate's  life  to  that  |x>inl.  Memory  and  rcaclioii 
time  were  rneiismed  by  a  word  reaction  lesi  ver  y 
similar  tooiic  treated  by  Pai.sons  irt  1918  (7). 

Prom  the  interview  the  llight  suigetni  wrrs  to  pUtec 
the  candidate  into  one  of  three  classes  of 
liersonalily  ehtiracterisiics  -  alxwc  average, 
avemge, or  lx;low average (lahlc  I).  Aeronanticiil 
itda|ttahility  was  the  llight  .surgeon's 
"prognoslicalion  as  to  whether  he  will  pass  or  fail 
Ihe  ixHitse"  (II),  taking  Into  aecourtt  physical,  as 
well  as,  p.sychologieai  fitness  based  on  the 
pre|A>irderancc  of  elraiacleristics  Ihe  candidate  had 
in  a  given  class. 

ImprovemettLs  were  Ivirtg  made,  hut  llrght 
.surgeons  wore  .still  troubled  by  the  seleetioir 
pnxress.  Ilksladt  1,12),  in  192'),  and  1  la.sellon  ( 1.1), 
in  19;H),  stressed  the  itccd  for  rtrore  research  into 
psychological  factors.  Ilksladt  compared  success 
and  lailuic  rrrtcs  m  canijiilitlcs  whose  |)hysical 
findings  were  close  to  the  limits  for 
dis(|iuilifieulioti,  a.s  eorn|)ared  to  students  wf.o 
approached  the  ideal.  He  concluded  that  "(1) 
Within  quali/yiiif;  liinila.  no  cm  relation  exists 
Ixrlween  physical  findings  and  ability  to  lly;  (2) 
Such  physical  findings  were  110  indication  >>f 
aeronautical  adapbtbilily;  (.1)  The  physicrrl 
sUriulards  now  required  are  not  directed  toward 
aJaplubility  and  neither  increases  nor  decreases  a 
student's  cliances  to  qualify  us  a  pilot;  and  (4) 
Aeronautical  Adajrtabilily  must  lx;  determined 
lirrough  neurirpsyehiaUic  examination  (12)." 

1  laseltorr'.s  artrelu  a]rixxned  in  the  very  first  edition 
ol'  The  Journal  of  Aviation  Medicine,  immediately 
preceding  I  xnigucie's  classic  ailiele  on  pilots' 
|x;rsonalilies  (14).  Discussing  the  hig.'i  ix;iceiitage 
of  failures  in  Ixith  Army  and  Navy  flight  training. 


14  .! 


Masclton  bclicvoi  that  many  of  tlict  c  failuies  were 
due  U),  “...the  inability  of  the  lliplu  surgeon  and 
medical  examiner  to  determine  the  psychological 
equipment  for  flying  of  tlir  applicant.s  hrouglil 
fxifore  him  for  examination  ( 13)."  lie  recot’in/ed 
that  a  candidate's  tcm|x:raineiit  and  |x:rsonaiily 
were  lin|>ortant  factors  in  his  ability  to  adjust  tc.  'he 
aviation  environment.  He  observed  tliat  extremes 
of  either  charactcri.stic  made  success  unlikely. 
Ilaselton  also  placed  "tics,  tremors,  or  the  epiletoid 
diatheses"  outside  consideration  of  one's 
aeronautical  adaptability,  "ns  these  are  eonsidered 
|)hysical  or  psycliialric  nianifcstatioiis  and  should 
lx;  divorced  front  tlic  psyclKtlogieal  examination 
(13)."  Ilaselton  was  unaware  that  his  opinion 
accurately  |iredictcd  the  fotm  tieionutitieal 
adaptability  would  ultimalely  take  fH)  years  later 


TABLE  I.  RHOADES'  PERSONAL  !  fY  CLASSES 


Above  Average 

Average 

Cheerful 

Sober 

Aqgressive 

Modest 

intelligent 

Moderate  intelligence 

Precise 

Moderate  precision 

Quick 

Average 

Retanlive 

Moderately  retentive 

Controlled 

Moderately  controlled 

Attentive 

Moder.'tely  attentive 

Below  Average 

Depressed 

Submissive 

Stupid 

Vague 

Slaw 

Not  retentive 

Restless 

Inattentive 

3.  AERONAUTICAL  AOAl*TABILITY  OK 
THE  193«'s 

Kcsixmding  to  tliese  rcixirts,  the  Bureau  of 
Medicine  aixi  Snritery  sent  Caiituin  D.ti.  .Sutton, 
M(-,  U)  IVn.saeola  to  analy/e  selection  criteria  (*J). 
A  psyeliiatri.st,  Sutton  develoixrd  an  extensive 
interview  coin[Xi.sed  of  psycliialrie  hi.stoiy, 
ixtr.soiiality  study,  and  ])sycbological  tests.  In  l‘>3 1 
and  !’J33,  I-ieutenant  C.Ci.  IX:  honey,  re|x)rted  the 
results  of  two  studies  of  (i2K  and  6T7  individuals 
res[x;ctivcly,  which  Captain  Sutton  had  initiated 
(15,  16).  IX;  I  'oney  eoiieludeU  that  unstable 
individuals,  which  Sutton  defined  as  the,  “self- 
conscious,  sensitive,  intios|x;etive  individuals  with 
frank  neurotic  tendencies  and  tlie  unstable 
cxtiovert  with  his  unmistakable  com|x:nsatory 
reaction  of  well  being  (15)  '  should  be  eliminated 
from  training.  Positive  jircdictive  faetois  for 
success  were  stability,  aggressiveness,  and 


courage,  while  iiilelligence.  eonccntiation,  and 
reaction  time  liad  little  predictive  value. 

Asare.sull  of  the  effoils  of  .Sutton.  IX  l-oiiey,  iiJ 
others,  the  1937  Manual  of  the  Medical 
IX:|)ar>ineiU  del  inilion  of  A  A  was  changoel  to: 

Aeionuulieal  Adajitability:  Afici  the 
examination  Itas  Ixten  comideied,  the  examiner 
shall  nuike  an  asse.ssiiienl  of  the  individual's 
qualificatioiLs  for  Hying,  Ixi.seii  U|Xin  Uie 
physical  finding.s  and  the  result  ol  the 
nenropsyehiatiii:  e.xaminalion  While  no 
individual  will  p"..;ses.sall  gixxl  liails.  or  all 
Ixid  ones.  Die  e.xunv.iier  n  III  summari/e  Ins 
imprc.ssioiis  of  the  individual'.s  aeronautical 
adaplabilily  which  shall  tx'  recorded  as 
favorable  or  unfavorahle.  Wheie  an  individual 
is  found  to  lx;  physically  i|ualified  hut  his 
aeronautical  adapluhihly  is  regarded  as 
iiiilavoruble,  the  entry  oi  findings  on  NM.SAv 
I'orm  I ,  as  finally  lecvirded,  sh.ill  Iw 
"Physically  qualified,  hiil  not  aeroiiaulieally 
ada|Xed."  (17) 

I'ollowing  IX  l  oney's  woik,  olheix  sought 
mellHxl'i  to  predict  a  candidate's  fuliire  sneeess 
( )iic  of  the  mote  intereximg  alleinpis  of  the  1930's 
was  the  use  llx;  Schneider  Index  ns  a  .selection 
critciia.  IXvelo]Xd  hy  Ur.  lidwuid  ( ’  .Sehneider  m 
1921) (IK),  Ihis  cardiovascular  ruling  was  used 
extensively  by  Ixilli  the  military  and  t  ’ivil 
AcronuuUes  Administration  to  delect  cinonie 
fatigue  and  exhaastion  in  avialois.  The  Army 
icjxiilcd  l(X'  applicant  disqmililkiUions  in  I9.t(i  lor 
failure  to  achieve  udetitmle  scores  (19).  In  19.tS, 

I .iculeiiuni  (Junior  tirade)  W.  t ).  I'owlcr,  M( ', 
reviewed  1,021  eoiiseeulit  e  records  of  Naval 
Aviation  Cadets  at  Pensacola,  eoinpniing  their 
.Scimeidei  .score  and  .succe.ss  in  IlighI  training  I  le 
concluded,  "In  gcnciul,  Iheie  is  no  eorielulion 
lx;lweeii  the  .Selineider  Index  iind  a  ixTson's  iihiliis 
lolly(2())" 

Along  more  Irndilional  lines,  I  .ieulenaiit 
Coniinanders  K,  11  Wliiie,  MC,  and  V.  S. 
Arm.strong.  MC.  etiiilinued  to  define  trails  ihni 
were  predictive  s>f  success  or  failure  (9).  l  aetois 
they  eorrclulcJ  with  success  were  strong 
niotivalion  lo  lly,  giadualion  from  college,  and 
gixxJ  jiidgmeiil  l  ailure  was  inedieted  in  those 
indifferent  lo  aviation,  lho.se  vs  illi  no  eduention 
lx;yv)nd  giade  .scluxtl,  or  those  with  evidence,  l)\ 
hisUiry  or  examination,  vif  emotional  instability 
(21). 

In  l'J39,  the  Civil  Aciontiulies  Adniiiiisltulion 
asked  Die  National  Re.search  <  'ouncil  to  fonn  a 
committee  lo  researeh  Die  prixiess  of  selecting 
aviators  (22).  The  Navy  was  represented  on  the 
Committee  on  .Selection  and  I'rainiiig  of  Aircraft 
Pilots  from  il.s  inception  (9)  As  early  as  1940,  the 
Navy  suiited  screening  Naval  Aviation  Cadets  with 
early  fomis  of  the  jx;neil  and  pa|x;r  psychologictil 
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Hcfore  scicclion,  caiididiUes  arc  to  be 
inlcn’iewed  by  ihe  flight  surgeon  for  evidence 
of  ear!y  interest  in  aviation,  motivation  to  fly. 
absence  of  motion  sicluiess.  and  practical 
app<cciatioti  of  flight  beyond  childhood 
fantasy,  lividcncc  of  pirsitivc  uiping  skill.s  and 
goixl  interpersonal  relationships  should  be 
thoroughly  evaluated  (28) " 

('ompleting  ilight  school  was  considered  pnxrf  of 
an  individual's  ability  to  adapt  to  the  aviation 
environment  l>:signatcd  aviators  were  therefore 
considered  Acronautically  Adapted-. 

"'I  hose  having  demonstrated  the  ability  to 
utilize  long  term  appropnate  defense 
mechanism  and  displaying  the  tcm|x:ramcnl 
and  personality  traits  necessary  to  maintain  a 
compatible  mtMxl,  suppress  anxiety,  and 
devote  full  attention  to  flight  safety  and 
missio.n  completion  (28)  " 

DSM-lII  significantly  changed  the  way  Naval 
Might  Surgeons  apprerached  the  problem  of 
delii'ing  aeronautical  adaptability,  l^ioi  to  its 
publication,  the  focus  of  the  Navy's  selection 
prixaiss  was  to  identify  traits  predictive  of  a 
candidate's  success.  I  ongucre's  classic  study 
provided  a  list  of  favorable  traits  that  an  aviator 
might  possess,  and  led  to  creation  of  the  yXKMA, 
still  used  by  the  1 1.  S.  Army  and  Air  1‘orcc  to  select 
candidates  (24).  Navy,  Army,  and  Air  l-orcc 
researchers  hzve  tried  U>r  years  to  divine  the  magic 
combination  of  physical,  psychological,  and 
IK'isonality  baits  that  would  guarantee  success  in 
military  aviation.  The  trouble  with  that  appioach  is 
that  the  requisite  chutacterislics  of  the  idc,')l  aviatot 
have  long  been  elusive 

Under  the  Navy's  current  concept,  during  tlw  initial 
physiail  examination  (light  surgeons  strive  U) 
ideiitily  characteristics  that  would  p.cvcnl  a 
candidate  from  completing  training.  I'his  model 
assumes  that  a  properly  motivated  candidate, 
|Kisscs.sing  norm.nl  tcmperumeiil,  llcxibility  and 
defeniie  mechanisms  will  be  able  to  suppress  any 
anxiety  associated  witli  flight  training,  and  devote 
his/her  full  energies  to  aimplcting  the  program 
(28).  It  should  be  noted  tliat  few  .Student  Naval 
Aviators  (SNA)  would  Ix'  able  to  discuss  the 
concept  of  suppression  as  a  defense  mechanism  for 
Ilight  related  anxiety,  yet  tlicy  a/c  taught  early  in 
their  Hying  ctirccr  of  the  need  to  leaving  distraetine 
issues  on  the  ground  by  focusing  on  the  task  at 
liand  or  "compartmentalizing". 

Should  the  iadividual's  psychological  defense 
mechanisms  prove  inadequa'ie  to  deal  with  the 
stresses  of  flight  training,  the  model  predicts  that 
dysfunctional  behavioral  irattcms  will  appear 
I'hesu  patterns  include  jxior  performance,  training 
difficulties,  ptxrr  stress  coping,  flight  anxiety, 
difficulty  with  crew  coordination  and/or 
interpersonal  relationships,  or  an  inability  to  deal 


with  the  normal  stresses  of  life.  Students  exhibiting 
such  behaviors  invariably  present  to  sickcall,  cither 
through  self-referral  or  when  directed  by  their 
instructor.  T-vaination  follows  the  cookbook 
appmachof  IXSM-IIIR  (29).  An  Axis  I  diagnosis 
Would  result  in  either  temporary  or  |rcmtancnt 
physical  disqualification  (NPQ),  depending  on  the 
prognosis.  Axis  11  Personality  Disorders  or 
maladaptive  personality  traits  that  preclude 
continued  satisfactory  performance  in  the  aviation 
environment,  even  though  short  of  meeting  the 
criteria  for  a  disorder,  would  led  to  disqualification 
as  not  acrunautically  adaptable  (NAA). 

The  mixlel  for  designated  aviators  makes  the  same 
assumivion  that  Caveny  made  in  194.'5  when  he 
described  licet  aviators  as:  “the  stablest  of  the 
stable  (25)."  Those  aviators  presenting  with 
situational  stress,  anxiety,  poor  coping,  or  other 
problems  of  a  iierccivcd  psychological  / 
psychiatric  nature  would  imtially  be  Nl’Q  pending 
appropriate  evaluation. 

An  aviator  willi  an  Axis  ]  diagnosis  would  be 
treated  as  is  a  candidate  with  a  similar  diagnosis, 
except  the  (xitcntial  for  the  designated  aviator  to 
receive  a  waiver  is  greater  (SO).  An  aviator  with  an 
Axis  11  diagnosis  is  more  difficult  to  deal  with. 
Katcly  is  an  individual  with  a  true  personality 
disorder  able  to  complete  flight  training  given  tlie 
stress  levels  involved  A  few  do.  What  challenges 
the  flight  .surgeon  llicn  is  deciding  if  the  paUern  of 
malatfaptive  txhavior  is  chronic,  and  if  it  inlerfcrcs 
with  safety  of  flight,  crew  cixrrdination.  or  mission 
completion,  (liven  tlic  large  investment  the  Navy 
has  made  in  training  an  aviator,  all  eases  involving 
dusignulcd  iitdividuals  must  be  refened  to  NAMTs 
l>:partment  of  Psychiatry  for  evaluation  (28). 

.Vlotivation,  jwtfotmanee  and  lechnicul  ability  b.ave 
yet  to  be  mentioned.  Under  the  current  concept, 
designated  personnel  whose  nniivation,  aviation 
skills,  attitude,  or  flight  safety  record  arc  found 
wanting  are  icfeireu  to  an  iidmini.siralivc  board  to 
determine  their  fitness  to  continue  in  aviation. 
Medical  opinion'  regarding  whether  an  individual 
is  1*Q  /  Nl’Q  and  A.A  /  NAA  arc  considered  by  the 
txxrrd,  but  arc  not  a  bar  to  administrative  actio  ■ 
even  if  they  arc  diagnosed  as  Nl’Q  or  NAA. 

«.  SUMMARY 

II  is  interesting  to  note  th?'.  the  Army's  and  the 
Navy's  psychological  standards  dcvc1o)x:d  along 
|iarailcl  but  largely  separate  courses.  That  is  not 
suqrrising  when  one  considers  that  during  the 
ircriodof  1919-1926  and  again  in  1936-1939,  56  of 
the  first  Nava!  Flight  Surgeons  trained  alongside 
their  Army  counterparts  at  the  Army  School  of 
Aviation  Medicine  (31).  Still  service  differences 
existed  tlien  and  persist  today  The  Army  and  tlie 
Air  F  orce  currently  use  the  Adaptability  Rating  for 
Military  Aeronautics  (.ARMA)  to  guide  in  the 
selection  of  candidates  (24)  The  Navy  uses  a 


similar  concept  termeU  Aeronautical  Adaptability 
(AA),  which  is  broader  in  scope  as  it  applies  to 
both  candidates  and  designated  aviators  each  time 
the  night  surgeon  interacts  with  them. 

Advantages  the  Navy's  concept  of  Aeronautical 
Adaptability  offers  include: 

(1)  Model  directly  correlates  with  DSM-llI-R  and 
Secretary  of  the  Navy  nomenclature  sc|>arating 
physical  and  nonphysical  disorders. 

(2)  Provides  a  method  of  disqualifying  individuals 
based  on  their  impact  on  safety  of  Hight. 

(3)  Us'>s  established  criteria  to  categorize 
behavior,  helping  to  standardize  results. 

(4)  Provides  a  fair  system  of  review  of  potentially 
controversial  cases. 

(5)  It  is  easy  for  Student  Naval  Plight  Surgeons  to 
conceptualize. 

(6)  It  uses  terminology  that  has  been  in  place  for 
over  60  years  -  it  is  accepted  and  it  works. 
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1.  SUMMARV 

An  analysis  is  presented  of  data  obtained  front  vesti¬ 
bular  examinations  on  student  pilots  prone  to  air.sict- 
ness.  It  is  shown  that  those  pilots  who  were  must 
susceptible  during  the  initial  flight  training  course,  hi 
the  laboratory  even  suffered  front  mild  conditions  of  the 
Coriolis  test.  Abnormal  pu.stural  behaviour  in  the  lilting 
room  test,  or  lung  time  constants  of  the  nystagmus 
decay  after  sudden  stujis  from  constant  velocity  rotation, 
do  not  contra-indicate  a  sucresful  descnsitisaiion 
programnte.  A  Practical  I'lyiiig  .Selcctiuii  con.siderably 
diminishes  the  nuntber  of  student  pilots  suffering  from 
airsickness.  Those  who  passed  this  test,  but  got 
nevertheless  inlu  motion  sickness  trouble  during  the 
pilot  training,  'vere  suecesfully  treated  with  a  desensiti- 
satiun  programme. 

2.  INTKOBUCTON 

Motion  sickness  may  lie  induced  by  moving  around  in 
another  way  than  during  nonnul  walking.  It  is  (hurefurc 
nut  surprising  that,  de|>cndcnl  on  the  flight  prunic,  crew 
and  passengers  of  civil  and  military  aircraft  sometimes 
.suffer  from  motion  sickness.  Motion  sickness  may 
bcvunie  a  serious  threat  when  the  pilot  is  incapacitated 
to  do  his  duty  because  of  motion  sickness.  No  it  makes 
sense  to  look  fur  seleeliun  tests  on  motion  sickness 
susceptibility.  Since  it  is  generally  agreed  upon  that  a 
functioning  vestibular  system  is  required  in  order  to  get 
motion  sick,  much  effort  has  been  pul  into  the  research 
on  vestibular  tests  for  scleetiuii  uii  niutiuii  sickness 
susceptibility.  Several  le.sls  have  been  described  in  the 
past  [1-3],  but  Ihe  validity  of  these  tests  is  equally  often 
questioned  [4]. 

In  praeliee  it  turns  out  that  most  sludenl  pilots  who 
eX|K;riciice  motion  sickness  overcome  their  prublenis 
after  some  flights  by  adaptation.  However,  some  .student 
pilots  remain  suffering  from  tliesc  problems.  If  their 
flight  performance  is  affected  because  of  this.  Ihe 
i.iin.sequencc  is  either  suspension  from  the  training,  or 
optionally  a  special  motion  sickne.ss  desensitrsalion 
treatment  |4,.S|,  This  de|iends  on  the  effort  un  air  force 
is  willing  to  pul  into  their  candidates.  It  is  obvious  that 
such  a  training  involves  money,  especially  when  a  part 
of  the  dcseiisiiisation  training  is  done  in  an  uirerafl. 
The  objective  of  ilie  present  p.iper  is  to  give  an  over¬ 
view  of  the  approach  of  the  RNLAF  to  airsick  .student 


pilots,  with  emphasis  on  the  applied  vestibular  exam¬ 
inations. 

2.1  Time  History  of  the  Reseureh  Programme 
Data  presented  here  have  Ixteii  ublained  from  a 
research  programme  un  air  sicknc.ss  initialed  by  the 
RNLAF  in  19t!3  and  carried  out  by  the  TN'O  Human 
Factors  Rcseareh  Institute  at  Socsterberg.  In  1989  the 
RNLAF  changed  the  selection  procedure  for  student 
pilots.  Therefore  the  data  set  is  divided  in  two  parts, 
one  obtained  in  the  period  I9K3-19H8,  and  one  in  the 
period  1‘290-I9't3. 

Ill  Ihe  years  198.3-1988  no  |iui'licuiar  selei  llon  on  motion 
.sickne.ss  .susceptibility  took  place  by  the  RNLAF.  If 
during  the  elementary  lligbl  ttuiidng  student  pilots  were 
about  to  be  suspended  from  the  training  hecau.se  of  air 
sickiie.vi  aimbined  with  had  llighl  performance,  they 
were  referred  lo  the  ENT  DepI  of  ibe  Vtlje  Univcrsilcil 
at  Amslcrduin.  There  they  were  subjeeled  lo  routine 
equilibrium  tests,  and  to  tests  uspeclully  directed  to 
nhlain  information  about  motion  .siLknes.s  .susceptibility. 
The  primary  aim  of  lliosu  lesls  wa.s  to  isolate  any 
vesliliular  causes  for  the  students’  susceptibility  to  uirsie- 
kiie.s.s.  At  Ibul  lime  exeeplionul  motion  sickne.ss  .suscep¬ 
tibility  did  not  result  in  a  fnllow-up  in  terms  of  u 
dcseiisitisuliun  programme.  It  simply  nicaiil  ihe  end  of 
a  cureer  as  a  pilot  in  the  RNLAI'.  The  data  of  this 
period  ate  |>resciiled  in  section  3  and  concern  17 
student  pilots  (data  set  1). 

i'ron.  1989  un  the  RNLAF  introduced  in  the  selection 
procedure  a  so-called  I’ractical  Flying  Seleetiuii  phase. 
If  during  these  sorties  control  of  the  uirerafl  was 
returned  lo  (he  inslruelor  because  of  motion  sickness, 
the  candidates  were  out  of  the  selection  proce.ss.  No 
action  was  taken  to  u.ssess  the  veslibnlur  funelion  as 
jMissiblc  eau.se  for  their  smsceplibility  to  motion  sickness, 
in  some  candidates  who  passed  this  piaclieul  flying 
selection,  however,  .still  motion  sicknei :s  interfered  with 
the  subsequent  pilot  training  at  Woen.sdreelU  AFB.  In 
those  cases  (he  present  prutocul  foresees  in  a  flight 
surgeon's  referral  to  the  TNG  Institute  for  evuluatiuti  of 
the  vestibular  funelion,  and  to  the  RNLAF-'  Mental 
Health  Dept  for  evaluation  of  p.syeholugical  contri¬ 
butions  to  the  motion  sickne.ss  problems  (personality 
factors).  Ifbotli  investigations  result  in  a  positive  advise, 


Ptexented  at  u  Sympoduni  un  'Thu  Clinical  Pasis  fur  Aei'otnedical  Ocuisian  itfaklnn',  April  1VJ4. 


15-2 


the  flight  .surgeon  can  initiate  a  licscnsitLsalion 
treatment  at  the  TNO  Institute,  After  the  desen.sitisalion 
treatment,  the  flight  .surgeon  may  advise  to  continue  the 
regular  flight  training.  The  protocol  dues  not  fure-see 
any  new  desensilisation  treatment  in  ease  of  reoccur- 
rence  of  motion  sirkness  during  the  training  afterwards. 
After  fySf  three  RNLAF  student  pilots  have  been  refer¬ 
red  to  I'NO  for  vc.stihular  evaluation,  and  tinally  afso 
fur  a  de.sensllisation  treatment.  They  all  have  leturncd 
to  their  normal  flight  training  programme,  and  motion 
sickne.ss  has  nut  interfered  with  their  career  anymore.  In 
section  5  the  results  of  the  vestihular  evaluation  of  these 
candidates  is  presented  together  with  data  front  two 
candidate,  from  cisnl  aviation  air  schools,  who  also 
participated  with  succc.ss  in  the  dcseiisiti.sation 
programme  (data  set  2).  Details  of  this  de.sensiti.s.alioit 
programme  are  presented  In  section  (>. 

Tire  data  from  all  sludeiil  pilots  prone  to  airsickness  arc 
compared  to  data  obtained  from  a  control  group, 
consisting  of  student  pilots  who  passed  the  Practical 
Flw  ig  Selection,  hut  have  not  yet  .started  their  pilot 
training,  't  hese  pilots  partiei|)utu  in  a  ioiigitudinai  study 
in  wiilch  they  will  he  investigated  once  more  during  the 
training  and  a  third  time  when  they  liave  completed 
their  training.  They  match  well  wilfi  the  motion  sick 
student  pilots,  apart  from  pronencss  to  air  sickness. 

3.  f  ST  I;  l<IH3-iy8H 

3.1  Subjects 

Set  I  comprises  eighteen  student  pilots,  who  were 
examined  on  their  vestibular  function.  I'he  majority  of 
these  requests  came  front  Elementary  Flying  I'raining 
at  Eclde  AB:  One  student  was  examined  because  of 
unusual  behaviour  during  selection  in  the  Spatial 
Desurienlatioii  Dcmoiislralor  at  Soesterberg,  but  did 
not  show  any  unusual  susce|itibilily  to  airaickiie.ss  during 
subsequent  training.  Tliis  means  that  a  total  of  17 
student  pilots  suffering  from  airsickness  were  examined 
in  that  peilod. 

3J  Aii'slckiies.v  Histtiry 

Table  I  shows  the  stages  of  the  Elementary  Flying 
Training  iirogrammc  at  which  airsickness  was  observed 
in  ihese  candidates.  The  table  shows  whether  any 
medication  (m)  was  taken  during  flights  and  the  .stage 
at  wiiieh  the  candidate  was  referred  to  the  finivei'sily 
Hospital  (U)  for  examination.  Kelci  ral  is  usually  elu.sely 
followed  by  suspension  (.S)  from  the  programme. 
Whenever  the  Table  does  not  end  with  an  ’S’,  the 
sludent  in  question  was  not  suspended  from  the 
progranunc  and  motion  sickness  did  not  play  a  decisive 
role  in  his  suiisequeiit  career, 

3'able  I  is  ranked  in  dftcreasing  order  of  siusceplibilily  lo 
airsiekne.ss.  Notice  that  most  of  the  candidates  examined 
start  having  trouble  at  the  vety  First  faniillari/alion  (F') 


flight,  where  they  arc  back-seat  passengers.  Candidates 
a  through  e  never  get  over  their  airsickness.  Those  that 
do  recover  face  a  new  critical  phase,  starting  with 
training  stage  9A  when  acrobatics  is  introduced.  Two 
candidatc.s,  who  initially  had  overcome  this  stage,  Finally 
hau  lO  return  to  the  Netherlands  from  Slicppard  AFB 
because  of  airsickne.s.s.  Candidate  r  was  included  in 
Table  1  for  comparison  only:  no  uirsickiic.ss  was 
oluservcd  during  his  training.  The  reason  for  his 
examination  war.  his  deviant  behaviour  in  the  Spatial 
Disorientation  Demonstrator  (SDD). 

It  is  not  known  whether  airsickness  occurred  in  other 
candidates  who  did  complete  the  course  successfully, 
and  if  .so,  how  often.  Such  information  is  re(|uired 
before  the  exceptionality  or  otherwise  of  tiie  pluses  in 
7'able  I  can  be  delerniiiied. 

3  J  Vestibular  Tissts 

The  pilots  in  question  were  subjected  to  routine  vesti¬ 
bular  examination  at  Amsterdam.  This  involved  eleet- 
roiiystagmography  as  a  means  of  detecting  spontaneous 
or  iirovocallon  nystagmus.  In  addilion,  vi.sual  ocular 
control  was  le.sled  through  measurement  of  optokinetic 
nystagmus,  .smooth  pursuit  and  the  ability  to  .suppress 
vcsliliular  iiy.lagmus  by  visual  fixation.  Naturally  the  lest 
buttery  included  rotation-chair  tests  and  calorie 
irrigation  of  the  labyrinths  (looking  for  left-right  discre¬ 
pancies  which  iniglil  hamper  aduplalioii).  By  ineaiis  of 
slaliilomciry,  postural  eontrol  was  determined. 

A  supplementary  set  of  tests  looking  more  .specifically 
at  motion  sickness,  involved  tests  in  a  roluting  chair- 
drum  eombiiialion,  and  posiurogrupliy  in  a  tilling  room. 
Decay  of  vestibular  iiyslagmus  slow  component  velocity 
was  measured  after  sudden  slops  frtiin  eonslant  velocity 
rotation  (‘H)  dg/s  CW  anil  CCW).  The  rotating  eliair- 
druin  conilriiialion  was  employed  for  an  Inlersensory 
('oriolis  Tc.st  (ICT):  Detei  mining  ihe  efleet  of  head 
inovciilciil  on  well-being  when  the  visual  and  vestibular 
.systems  are  .stimulated  separately  (’vis’  and  ’ves’, 
respectively),  eongriiently  (vis  >  ves  >)  or  ineon- 
grueiilly  (vis  >  ves  <).  Maximum  eliair  vehicily  in  ihe.se 
conditions  was  (ill  dg/s,  3'ln  relative  drum  velocity  with 
re.specl  fo  the  chair  was  fit)  ilg/s  CW  or  CCW,  In  the 
’ve.s’  condition  llie  light  was  switched  off  in  Ihe  drum.  A 
final  lest  looked  at  iiostuie  eontrol  in  tlie  tilting  room, 
a  test  wliieh  has  triggered  deviant  responses  in  peojilc 
su.see|ilibic  lO  .scasickne.ss  |()].  Tlie  suhjeelive  luii  i/.oiilal 
(.Sll)  is  also  tested  here. 

3.4  Te.sl  Results 

Table  11  .shows  llie  resulls  of  these  tests.  A  '-’  indicates 
norraal  findings.  The  ’s  ’  in  the  first  eolunin  indicates  an 
abnormally  high  spoiilaiieous  nystagmus.  In  Ihe  seeoiid 
column  ’irr’  stands  for  an  irregular  ojitokiiietic 
nystagnius.  The  caloric  irrigation  column  .shows  the 
difference  in  terms  of  percentage  between  the  two 
labyrinths,  whereby  a  di.screputic.y  of  22%  or  more  is 
coi'isidercd  deviant.  The  letter  ’V’  indicates  that  the  lest 
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Table  I.  Presence  {  +  )  or  absence  (-)  of  airsickness  for  each  stage  of  the  training  programme  of  tlie  student 
pilots  (a-r).  (U)  means  referral  to  the  Vrije  Unlversltelt. 
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luJuccd  vomiliug;  '(V)’  iudicalcs  jicar-vomiliu^:;.  The  ’  +  ’ 
ill  the  tihiiig'rooin  colunin  iii<Jicalc.s  u  stronger  than 
normal  iniliienee  of  ilic  tilting  visual  suirtHiiulhigs  on 
IHKsturo  control.  In  the  suhjeetive  liori/ontal  citlunut  the 
V  Indicates  (hat,  although  (he  sulijeetivc  liori/ontal 
conforms  to  the  ohjeetive  liori/ontal,  the  spread  of  the 
individual  SI  1  .settings  Is  ahnoi  ntaily  high.  The  next  two 
columns  show  the  time  cuastant  t  indicating  haw  the 
slow  phase  velocity  of  (he  nystagmus  alter  a. sudden  stop 
decays  to  zero.  1'he  V  and  (V)s  again  indicate  vomiting 
and  ncar  vimiiiiug,  respectively.  Vomiting  sometimes 
inecipUutcJ  the  end  (li)  of  ihe  tc.st.  The  last  four 
columns  show  the  niution  sickncs.s  scores  accoidtng  to 
(Jruybiel  el  al.'s  criicria  for  the  respective  head 
tnovcincnts  during  the  dilfcrenl  purls  of  the  ICl'  (1-2 
points  indicates  slight  malaise,  '^•4  points  indicates 
moderate  malaise  U,  .^-7  poini.s  indicates  moderate  mul- 
aisc  A,  S  jKiints  indicates  sei  ious  malaise  and  or 
more  indicates  frank  sickness  |(i,7J).  A  score  of  K  or 
higher,  therefore,  signalled  (lie  end  of  (he  test, 
.sometimes  of  the  wliole  examination.  Limply  N)>ace.s  in 
the  table  indicate  tliul  not  all  (he  te.sts  were  run  for 
evciy  candidate,  sometimes  beeuu.se  of  liie  candidate’s 
condition  (candidates  a,  b,  f,  I  and  p).  sometimes  for 
other  reasons. 

The  routine  vestibular  exatiiinalion  did  mil  hhow  any 
hard  ’puLhi>;Ogiear  ubnormulities  oilier  than  an  cxce.ssivc 
spontaneous  nystagmus  (candidate  g)  and  a  .signilicaiU 
(2fi%)  lelUright  dLserepancy  in  the  calorie  irrigation  of 
eandidutc  n.  Ihe  latter  result  was  found  during  an 
almornially  high  fluctuation  of  the  vestibular  nystagmus, 
while  the  optokinetic  iiyMaginus  was  very  irregular  as 


well,  'the  ob.scrved  values  are  proiiabty  altribulable  to 
(he  fact  that  (he  candidule  had  been  culled  out  of  the 
middle  of  a  Uaining  exercise  to  perforin  the  lest  and 
had  hardly  seen  his  l)ed  for  a  lew  day.s.  Indeed,  a  repeb' 
lion  of  the  te.si  at  a  later  date  showed  no  .sign  of 
vcMibulur  imbulunec  (<»%).  One  striking  aspect  ol  ilie 
routine  vestibular  exutninulion  is  the  high  percenluge  of 
candidates  (approx.  2tl'^)  who  vomited  or  nearly 
vomited  during  or  after  caloric  irrigation. 

From  the  ic.st.s  looking  more  spcciilcally  at  motion 
sickness  the  tilling  room  exaiuinalion  did  not  reveal  any 
abnormal  Ircliaviour,  stabiiometry  showed  only  once  u 
nunc  than  normal  instability,  and  the  subjective  vertical 
Was  found  twice  to  have  a  loo  large  slainlaid  deviation 
in  (he  scdiiigs. 

The  time  constant  of  the  decay  of  (he  nyslagnuis  slow- 
component  velocity  us  determined  uflei  u  sudden  stoi) 
from  '>!)  dg/.s,  is  not  enlarged  in  subjects  susceptible  to 
motion  .siekiuvcs  comjiured  to  the  lime  con.slunts  of  the 
control  group  (see  l  able  HI).  However,  vomiting  ui'ler 
.such  a  test  is  quite  unusual  and  considered  as  an 
aluurrmal  icaclion. 

The  outeoiiic  of  the  Inlersciisory  Coriolis  're.sl  i.s 
noteworthy.  Oiii  experience  with  'normar  test  subjects 
Is  that,  as  a  rule,  (hey  manage  the  lest  battery  without 
.severe  symptoms  of  inolioii  .sicknc.ss,  .similar  to  (he 
control  group  (sec  Table  !H).  lable  H  .shows  high 
motion  .sickness  .scores.  It  also  show.s  that  the  pilots  did 
nut  always  go  through  lire  complete  lest  buttery, 
Irccausc  in  some  cases  nausea  or  frank  sickness 
prompted  a  suspension  of  the  lest.  Scoring  motion 
sickiVv.ss  during  the  congruent  visual-vestibulur  part  of 
(he  ICT  us  seen  in  pilots  a,  b,  d  and  e  is  very  unu.sual 
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Table  II.  Datp.  found  during  routine  and  apeolfic  motlon-eickness-orlentod  vestibular  tests  at  the  Free  University 
of  Amsterdam.  The  abbreviations  are  explained  In  the  text. 


rot  chair  t  (.s)  Intcr.5cn.sory  Ctoiiolis  Test 
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(see  al.so  I'abic  111):  liven  one  single  head  niuvcmcnl 
was  sulTicient  to  eau.se  votniliiig,  as  was  the  case  with 
candidate  a.  Tor  hall  the  sixlecii  candidates  the  Inter- 
sensory  Coriolis  T  est  marks  the  prciiialuic  end  ul  the 
exaniinatiun.  Notice  that  the  (relatively)  most  serious 
cases  arc  I'ound  near  the  top  ofT'alile  II,  which  con- 
lornis  to  the  decreasing  .suseepllhility  to  aic.sickne.ss 
shown  in  1'able  I. 

4.  CONTKDL  CKObl' 

4.1  Subjects 

1'wclvc  student  pllols,  who  hud  passed  the  I'raetieul 
Flying  Selection,  but  hud  not  yet  started  the  pilot 
training  were  .subjected  to  a  large  vestibular  test  battery 
at  the  TNt)  Institute,  as  part  of  a  longitudinal  study  on 
the  changes  of  the  vestibular  parainelers  in  the  course 
of  a  Hying  career.  They  arc  of  the  suine  age  as  the 
referrals,  and  match  quite  well,  because  they  have 
pa.s.sed  the  same  pilot  .selection,  in  this  pa|Kr  only  those 
tests  are  presented  which  are  of  interest  ftrr  eoniputison 
with  the  data  from  the  airsick  student  pilots. 

4.2  lUaurni 

In  Table  111  the  results  obtained  from  the  control  grrmp 
are  shown.  Only  once  snuroth  pursuit  was  found  to  be 
nut  optimal,  the  other  data  did  not  show  any 
abounnalitites.  Notice  the  low  scores  on  the  IC*'!'. 


5.  SET  2:  IVVtl  -IWJ 

S.l  Suldcels 

In  line  with  Ike  ex|n.'elutions  due  to  the  inclusion  of  a 
ITactical  I’ilol  Sulection  phase  in  IVHV,  motion  sickness 
was  seen  less  frequently  by  the  RNLAI'.  Three  .student 
pilots  were  referred  to  the  'I'NO  Human  Fuetors 
Research  litslilute  in  this  period.  All  tliree  candidates 
look  part  in  lire  descnsilisation  training  (see  seelU)n  (i). 
During  this  lime  lwt>  civiliaji  MudenI  pilots  Irouhled  by 
aitsiekite.ss  were  subinilled  to  the  same  lesl.s  and  look 
pall  ill  the  desensilisalion  course  us  well, 
ft  is  diltieult  to  rank  the  .severity  of  aiisiekness  sii.seepli- 
bilily  fur  these  live  .siihjeels  and  to  include  them  in 
I'ahle  I  because  of  dilTerent  training  liislorii-s. 

Vestibular  Tests 

In  this  iieriod  the  vestibular  exaininulion  look  place 
partly  at  the  Vrije  Universileil  and  partly  at  the  TNt) 
iiumun  I'uelors  Rescureh  Institute,  besides  the  liiters- 
ensory  Coriolis  Test,  the  Coi  ioli.s  .Slre.s.s  Test  (C'.ST)  was 
added  to  the  test  batleiy.  I  his  test  requires  head  move¬ 
ments  from  upright  to  'Al  dg  foiward  indinatiim  and 
back  again  at  two  seconds  inteivals  for  120  s  during  'X) 
dg/s  CW  rotation,  foi  120  s  dining  A)  dg,/s  CCW 
rotation,  subsequently  for  IhU  s  during  IHO  dg/s  CW 
rotation  and  filially  for  ISO  s  during  ISO  dg/s  CCW 
rotation,  'flic  lest  is  slopjied  either  when  the  subject  has 
to  vomit,  oi  when  the  subject  prefers  lo  stop. 
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Table  III.  Test  results  of  1 2  student  pilots  who  passed  the  practical  flight  selection,  but  who  had  not  yet  started 
the  flight  training. 


rot  chair  t  (s)  InLcrscnsory  Coriolis  Test 
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Kcsults 

I  ho  results  of  the  uxutiiiiialioiis  arc  prcsciilcd  iii  T'uhlc 
IV.  .Some  tcsl-s  rcvcjleil  uliiioriuulilius,  hut  the  scores  of 
the  liiterseu.sory  Coriolis  I'esl  are  luoUcrato  coiii|>arcd 
to  the  data  set  of  Tuhie  II,  I'lie  results  of  the  Coriolis 
Stre.ss  I'cst  are  given  as  well:  Shown  is  the  total  time 
the  .subject  has  pcifonned  head  iiiovcnieiit.s,  so  (he 
niuxiniuni  .score  is  bUO  (see  also  t  ig.  1). 

b,  UbSKNSmSATION 

III  l'^74  Uuliie  introduced  a  suece,ssful  training  pro- 
grannne  in  tlie  RAF  which  was  aimed  at  housting 
resistance  to  cros.s-couplc  d  Coriolis  stimuli,  and  the 
teehniiiue  is  still  afiplied  with  (K.5%]  success  today  |.‘I,S|. 
Thi:>  dcsensitisalion  piogiamme  has  been  cribbed,  and 
a  slri|iped  version  of  it  is  now  ollcrcd  in  the  Nether¬ 
lands.  While  the  Uiitish  treatment  comprises  three 
subsequent  stadia  (a  one  week  u.s.sessmcnt  phase,  a  4 
week  ground  pha.se  and  u  3  week  Hying  phase),  the 
Dutch  program  consists  of  one  week  ground  training 


(one  day  familial isatioii  and  3-S  days  of  (raining), 
whereafter  (he  students  are  supposed  to  continue  lllght 
training  wilhoul  motion  sieknc.ss  problems.  Up  (o  now, 
despite  this  paisiinoiiy,  the  live  .student  pilots  who  were 
iceommended  to  the  desensitisnllon  progiumnie, 
responded  well. 

1'hc  (reatmeiit  is  ba.sed  on  frequent  sliiuulation  of  the 
vestibular  organ  with  the  .same  kind  of  "improper’' 
palleins  of  movement  as  do  appear  in  the  ilighi  silu- 
iitioii.  After  a  theoretical  description  of  the  aiialomy  and 
luiiclion  of  the  human  veslihular  system,  and  a  thorough 
explanation  of  the  genesis  of  molion  sickness,  pai  tieulur- 
ly  ve.stibular  luncliontng  in  practise  is  demon:  I'atei'  Not 
ill  the  air,  but  plain  on  tlie  ground.  Witli  simple  lools  (.a 
eoinmoii  turning  ebair),  Iiut  also  willi  sophisdeale  j 
.stimulus  apparatus  (.3U-rolaliug  cliuii,  lilting  roor. i, 
lioii/oiilal  and  vertical  oscillators).  I'liis  demoiislrali  n 
quickly  proves  the  pilot  in  which  situations  .syiuploms  of 
motion  sickness  are  to  he  expected  and  in  which  not, 


Tahiti  IV.  Resuitu  of  the  'vasllbular  lest.s  ol  the  flue  student  pilots  uxeniliiud  In  the  purlixi  1990-1993.  sue  fur  the 
lay-cnit  also  Table  III.  CST  stands  for  Coriolis  Stress  Test. 
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FIb.  1.  Coriolis  Stress  Test  results  (see  text). 


and  even  more  importunt.  that  whut  in  his  mind  ccems 
to  be  a  very  complex  and  diff'isc  matter  could  be 
reduced  to  one  .'iiniplc  cause.  After  l)cing  familiari/ed 
this  way,  the  proper  (raining  commences.  During  the 
ticatmcnt  .subjects  undergo  twice  a  day  sessions  of 
cross-coupled  stimulation,  in  a  progressive  order  over 
the  days  (being  blindfolded  and  seated  on  u  rotating 
chair  (angular  velocity:  30-180  dg/s),  while  (lerfurniing 
head  movements  to  the  shoulder  or  knees,  and  buck). 
During  this  bi/arre  .stimulation  the  student  liu.s  to 
perform  some  common  flight  related  (asks,  or  has  to 
deal  with  sudden  "emergency”  procedures. 

Tile  .student  pilot.s  treated  this  way  were  able  to  perform 
ihc  mentioned  ly|>c  of  lieadmovements  for  half  an  hour 
or  more  duiing  rtUalion  at  (»C),  and  13.S  dg/s,  and 
filially  li»  achieve  the  complete  Coriolis  Stress  Test 
without  problems.  In  I  tg.  I  subjective  mot  ion  siekne.ss 
.score.s  on  tne  four  eoudiliuns  of  the  CST  uie  shown, 
lielore  and  alter  the  desensitisation  treulment  (U  =  no 
prolilenis,  1  ^  diz/y,  2  =  sloinach  awareness,  3  4  = 

epigastric  discomfort,  5  i'w  o  =  moderate  nausea,  7  &  K 
»  severe  nausea,  V  »  queusincss,  U)  =»  vomiliiig).  In 
order  to  accomplish  an  optimal  transfei,  the  rcgului' 
night  training  at  Wocusdrechl  Al'B  was  continued 
immediately  alter  the  ground  Iruhiing  had  .succeeded. 
An  evaluation  ol  the  programme  yielded  the  impot lance 
the  .students  uttaehed  to  the  fumiliurisation  phase  of  the 
Uealmcnl.  Pic.vnmubly,  the  regular  education  felt  .short 
ill  this  respect  (the  cxplanalion  and  dcmonstrution  of 
the  relation  between  human  sensory  systems,  and 
disoriciitalioii  and  motion  sickness). 

7.  DISCUSSION 

ilvalualioii  of  the  nystagmus  and  poslurogrupliic  data 
reveals  that  it  Is  hard  to  select  parameters  whleli 
correlate  with  .susceptibility  to  motion  sickness.  This  was 
.surprising,  because,  for  in.sianee,  a  former  study  on 
seasickness  revealed  that  lilting  room  exanunalion  and 
.stubliomctiy. showed  more  )>ostuial  in.stul)ilily  in  subjecl.s 
who  were  .su.sccptible  to  seasickness,  than  in  subjects 
who  were  iimiiUiie  to  scusicktie.ss  Hie  tn  esenl  data 
do  nut  sup(Hnt  this  ob.scivatiou  for  subjects  suffering 
from  air.>ickncss,  though.  Only  two  subjects  sliow'cd  u 
visual  dominance  in  weighting  the  visuul-vcstibulur 
iuforiiiation  during  the  lilting  room  examinulion  and 
Klabiloinelry  was  always  normal. 

I'he  caloric  examinulion  did  not  reveal  signi‘‘icunl 
prcdominaiicc.%.  Hiiwcver.  vomiting  occuricd  with  a 
higher  percentage  than  u.suul  in  eliiiicui  exuminatiou 
(about  %),  even  if  we  diseounl  the  instances  of  neur- 
voiuitiiig. 

The  lime  constant  x  u{)pcars  also  u.sclc.s.s  to  dlscrimlnuic 
between  the  suixoptiblc?;  and  non  su.sceplibies  to 
airsiekiie.'is  (cf.  Table  11,  111  and  IV).  The  liniu  eonsluni 
may  decrease  with  increasing  (light  expeiieiiee  us  has 
been  dcsciilicd  in  tiie  past  by  several  uuthor.s  [2,1U|,  hut 
appureully  such  a  diifcrencc  is  not  yet  visible  at  the 
intake.  More  infoiniatioii  will  lieeome  available  when 
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the  pilots  in  the  longitudinul  study  have  been  examined 
again,  i.c.  when  they  have  finished  their  training  and  are 
placed  in  an  operational  squadron.  It  should  be  noted 
that  the  values  of  x  show  some  vuriatiuii;  Ihcy  are 
reproducible,  however,  but  a  variation  in  t  of  about  5  s 
is  normal,  dependent  on  the  level  of  arousal  and  the 
applied  nystagmus  analysis. 

So  these  tests  are  nut  sensitive  enougli  to  discriminate 
for  this  motion  sick  group. 

I'hc  outcome  of  the  Interscnsory  Coriolis  Test  is  more 
promising  in  this  respect.  Our  experience  with  'normal’ 
test  subjects  is  that,  as  a  rule,  they  manage  the  ICT 
quite  well,  i.c.  without  severe  symptoms  ut  motion 
sickness  |1 1|.  This  wus  ul.su  found  in  the  present  eonirol 
group  ^sce  Tnble  III).  A  general  observation  is  that 
subjects  experience  almost  no  sign.s  motion  sickness 
when  they  make  head  inovcmciU.s  during  the  congruent 
viKuat-ve.slilmlai  part  of  the  KT  1 12,I3|  (sec  also  Table 
111).  So  it  is  all  the  more  striking  when  a  single  head 
movement  .suffices  to  cause  vomiting,  as  was  the  ease 
with  candidate  a.  from  Taldc  II  we  learn  that  (he  most 
vehement  reactions  on  the  KT  arc  found  in  (he  upper 
part,  which  eoncerns  exactly  lho.se  pilot.s  who  were  also 
the  most  proiniiicnt  sufferers  from  niotioii  .sickness 
during  their  training  according  to  1ablc  I. 

The  data  from  Tables  II  and  IV  show  lliu(  vomiting 
occurred  priiuuriiy  during  the  caloric  irrigation  and 
during  ICT  uid  CST:  Also,  uecasionally.  it  happened 
alter  the  sudden  s(o[i  from  con.slanl  vclociiy  rotutioii. 
This  is  in  line  with  our  eurrcnl  conce(U  about  (he 
genesis  of  motion  sickness:  Motion  .sickness  may  oiigi- 
natc  il  the  jiereeivcd  subjective  vertical  docs  not  eoi  res¬ 
pond  to  the  expected  vertical  [HI,  In  Pig.  2  .separation 
of  the  gravitational  aeeeicration  vector  (.Subj.  Vert.) 
from  linear  aecclcralums  (Lin,  Acc.)  is  modeled  by 
traiisfurniulioii.s  (1’  and  T ')  of  input  acccleratums  (L  in. 
Ace,  and  Ang.  Aec.)  on  the  l)asis  of  canal  and  otolith 
inlormation  and  low  pass  filicring.  discrepancies 
between  the  subjective  and  expected  vcUical  (Lxp. 
Vert.)  may  (iiovoke  motion  sickness. 
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Fig.  2.  Concept  of  motion  sickness  genosls  (see  text). 


Ihis  concept  explains  (he  dilTerent  .scores  on  ihc 
congruent  and  incoiigrueiit  pan  of  the  ILT  in  a  Miuilar 
way  as  (juedry  and  Uenson  (l.Sj  explained  the 
difrereuees  in  motion  .siekne.ss  .scores.  oldaincJ  during 
head  muvemciUs  made  at  a  particular  angular  velocily. 


but  with  different  preceding  vestibular  stimuli.  They 
stated  that  the  Coriolis  I'-ffcel  is  minimally  disturbing  us 
long  as  the  rcsuiliiig  rotation  veeloi  is  parallel  to  the 
otolith  stiiiialus.  In  the  congruent  vis*ial-vestihular  part 
of  the  ICl'  from  our  test  tne  vectors  are  also  parallel, 
which  cxplaias  the  low  scores,  i-luwcver,  since  some 
pilots  scuie  motion  siekne.s.s  in  that  condition,  it  meati.s 
that  their  .systems  iiiierprcte  the  vectors  us  being  not 
parallel,  suggesting  that  the  visual-vestibular  inlcruetion 
is  not  performed  upproprialcly.  I  hc  same  liold.s  for  the 
sickness  after  the  sudden  slop  of  constant  velocily 
rotation:  In  that  eoiiditon  (lie  angular  velocity  vector  is 
parallel  lu  the  otolith  stimulus.  So  in  case  td  vomiting, 
(he  data  handling  mu.sl  have  been  inappropriately 
(vectors  nut  parallel).  Therefore,  nu)lii.iii  .siekne.s.s  in 
these  situations  is  a  very  strong  sign  of  inadequate 
information  handling  of  the  equilibriuni  system.  In  our 
view  this  should  be  a  couiilc.j'indicatit)n  for  a  jutssilile 
do.sensitUaiion. 

Bused  on  (he  expci  icnee  of  many  years  the  1^1*'  obtains 
a  .success  score  of  H.*i%  with  llieir  de.sensitisalioii 
programme  |5).  One  could  argue  tlial  a  .scleelion  te.st  on 
motion  sickness  would  be  Uisefull  if  it  were  po.ssible  to 
detect  beforehand  those  \S%  whici)  do  not  re.spond  to 
dcscn.sili.sution  training.  The  apprnueh  '.d‘  the  RNLAl' 
since  I9K9  is  appaieiUly  sucee.s.sfull  in  this  respect. 
Alimcst  no  motion  .sickness  was  encounlcrcd  ailei  the 
introduction  of  the  IVactieul  Flying  .Seleclioii,  and  liio.se 
who  sufleied  could  return  lo  the  ))iU)(  Iruining  after  a 
deseiisitisatioii  liculment.  Tite  number  of  airsick  pilots 
(i.c.  those  referred  lo  the  TNO  llumau  i<us 
Kcscarch  Iiistilnte)  has  decreased  considerabl) 
introduction  of  the  Fractieul  Pilot  Selecli' 
suggests,  luiwcvcr,  that  the  eventual  success 
have  Itccii  lost  too.  But,  as  long  ns  (hero  ai 
candidates,  (his  doc.sn’t  matter. 

Although  it  is  not  proven  that  the  sludeni 
through  e  (or  f)  would  have  failed  in  the  deseii 
programme,  it  is  tempting  lo  coiKiudc  l 
Interscnsory  Coriolis  I'e.sl  us  described  here  ea 
as  a  selection  lest  in  oi  J(‘r  to  gel  rid  of  the 
airsick  ,%ludciit  pilots  who  do  not  respond  to  u  desen 
tlsation  training  Inloichund.  After  all,  (he  ILT  Is  dune 
in  15  miiiuics,  and  Is  cheaper  than  parlicipaiion  in  the 
l*ruc(ieul  Flying  ScleclUni. 
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THE  NAMI  SYNCOPE  TEST  UATTERY  AND  CLINICAL  DECISION-MAKING 
IN  AVIATORS  WITH  SYNCOPE 

J.  R.  Dc  Voll,  M.D..  M.P.H. 

E.  W.  Hopkins.  M.D.,  Ph.D. 

Naval  Aurospacu  and  Operational  Medical  Institute 
220  Huvey  Road 

I’ensacola,  I'lorida  3250B-I047  USA 


The  Syncope  Test  Baltei  y  (STU)  was  adopted  in 
1988  at  tile  Naval  Aerospace  and  Operational 
Medical  Institute  (NAMI)  to  provide  a  coherent 
and  consistent  methodology  Ibr  the  evaluation  ol' 
physiologic  or  secondaiy  syncope.  Recoid.s  from 
1988-1992  that  utilized  the  STU  were  reviewed, 
and  STU  results  were  compared  against  tlnal 
diagnostic  categories  of  physiologic  or  secondary 
syncope  (n=55).  Analysis  of  die  .STU  showed  a 
.sensitivity  of  20.6  %,  .speclticity  100  %,  predictive 
value  positive  100  %,  predictive  value  negative 
43.8  %,  and  concordance  50.9  %.  3'hese  re.sults 
failed  to  support  the  effectiveness  of  die  S1'U,  and 
die  Sl'B  did  not  result  in  any  change  hetween  die 
preliminary  and  final  diagnoses  as  made  on  odier 
clinical  bases.  The  evaluation  and  disposition  of 
syncopal  aviators  is  reviewed  in  die  light  of 
general  and  aerospace  medical  literature.  It  is 
concluded  that  die  l>l'U  is  not  a  useful  tool  in 
evaluating  syncope  in  the  US  Navy  aviation 
population.  A  step-wise  aigoridimic  approach  is 
recommended  for  die  evaluation  of  syncopal 
aviators,  but  die  eventual  disposition  must  still  he 
individualized  and  remains  prohlemutlc  for  die 
Right  suigeun. 

1  INTRODUCTION 

because  syncope  has  potential  dire  eonsequenees  if 
it  occurs  in  an  aviator  during  flight,  .syncope  has 
been  an  important  and  prohlemutie  issue  liir  die 
Right  surgeon.  Interest  has  lonu  been  expressed  in 
both  die  evaluation  of  the  aviator  with  syncope  and 
the  relative  importanee  of  syncope  as  u  causative 
factor  in  aviation  misiiaps.'  In  the  late  I980’s,  the 
Internal  Medicine  and  Neurology  Depurtinent  at 
die  Naval  Aerospace  and  Operational  Medical 
Institute  (NAMI)  in  Rensacuia,  Eiurida,  became 
dissatisfied  with  NAMI’s  prevailing  clinical 


approach  to  US  Navy  aviation  personnel  widi 
syncope.  'I'liis  dissatisfaction  stemmed  from 
several  roots.  Eirst,  diagnostic  and  elinieal 
evaluations  on  required  aviation  |ihysieul 
examinations  and  waiver  requests  were  hieonsisteiit 
ill  depdi  and  quality.  Second,  no  coiiinuiii 
conceptual  framework  existed  to  fu'illltate  ca.se 
discussions  liutwccii  NAMI  and  operational  Riglit 
surgeons  and  on  wliicii  to  ha.se  training  oi'  Right 
surgeons.  lliird.  aeromedicul  disposition 
recominuiidations  forwarded  to  the  linecoiiimunily 
needed  to  better  retlect  a  rigorous,  olijeetive  and 
seieiuilleally  valid  jiroeedure  diat  ensured  clear 
conununleatiuii.s  and  uflirimx)  die  lliglit  surgery 
eoinmunily’s  commitment  to  the  operatloiial  goal.s 
of  Naval  Aviation.  Tlierelbrc  it  was  felt  that  a 
more  colierent  and  consistently  uppllculiie 
meduidology  lor  the  workui)  of  .syncope  was 
needed. 

The  re.sult  was  the  adoption  of  a  stuiidard 
pruceuure  for  evaluating  syncopal  aviators  dial 
conshsted  of  a  set  of  required  ciinicul  te.sts.  Called 
the  NAMI  Syncope  Test  Ualtery  (STU),  die  goal 
was  to  provide  leiiahle  evidence  in  support  of  tlie 
evaluation  of  syncope  as  eidier  due  primarily  to 
exaggerated  pliysiologiu  responses  or  seeoiidui  y  to 
udier  primary  diagnoses.'  Use  of  die  STU  began 
in  1988  at.d  was  required  for  all  evalualioms  of 
.syncope  in  aviation  personnel  preformed  either  at 
NAMI  or  in  the  fleet, 

Uy  1992,  it  Wis  clear  tliat  the  getieiai  uiixiicai 
literature  supported  moving  away  from  u 
"shotgun"  approach  to  a  more  Ibeusi^,  step-wise 
workup  of  die  syncopal  patient.'' '  This  reinforced 
die  iin|)rcssion  of  die  NAME  Internal  Medicine  and 
Neurology  Dejiai-tment  dial  die  STB  may  not  have 
pcrfuimed  as  eifuctively  as  originally  hoped.  The 
purpose  of  diis  paper  is  to  present  the  Rnding.s  and 
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implikjations  of  a  retrospective  study  conducted  to 
evaluate  the  effectiveness  of  the  STB  in  the 
workup  of  syncopal  aviation  personnel. 

2 _ MUTHQDS 

Subjects:  Potential  subjects  were  all  patients  .seen 
at  the  Internal  Medicine  and  Neurology 
Department  at  NAMI  from  1588  through  1992. 
lliis  pool  consisted  of  nearly  2000  records,  llie 
department’s  appointment  database  of  these  records 
was  reviewed  to  identify  patients  seen  for  titc 
single  purpose  of  administration  of  die  STB.  To 
avoid  missing  potential  subjects,  all  patients  seen 
for  syncope,  loss  of  consciousness  or  syncope- 
related  diagnoses  were  also  identified.  I'lom  diis 
latter  pool,  individu:  '  ri-i'oid.s  were  reviewed  to 
asceitain  which  patients  had  actually  been  given 
the  Sl'B.  Patients  were  eiUcretl  into  the  study  if. 
in  addition  to  having  had  tlie  STB,  the  clinic  chart 
contained  adetiuate  information  regarding  basic 
demographic  data,  the  patient's  referral  and  final 
diagnosu.s,  and  the  recorded  results  of  the  Sl'B. 
Because  of  die  retrospective  nature  of  this  study, 
no  informed  consent  was  required. 

Syncope  Te.st  Battery:  liach  .study  subject  had  die 
complete  S'lB  performed  at  the  time  of  dieir 
evaluation  per  die  protocol  in  I'able  1.  The 
content  and  design  of  die  STB  was  focu.scd  toward 
identifying  individuals  who  may  have  had  .syncope 
due  to  orduistatic,  liyi'ervcmilalion,  vagal  or 
Beicold-Jarisch  rcllex  nicctianisins  in  res|ionsu  to 
physiologic  stimuli.  The  STB  was  defined  a.s 
being  "positive"  if  any  one  of  die  te.sis  in  the 
battery  were  ptisitive.  Positive  endpoints  could 
include  reproduction  of  the  paliem'.s  jire-.syncopal 
.syiiiploiiis,  frank  syncope,  dysihyllmiias  tir  a 
significant  drop  in  blood  pressure. 

Methods'  Tne  clinic  chart  for  each  patient  was 
reviewed  and  data  recorded  based  on  a  pre¬ 
determined  protocol.  Uemographic  dala  included 
age,  gender,  rank  status  (enlisted  or  officer),  and 
aviation  .status.  Aviation  status  was  considered 
positive  if  die  patient  was  serving  in  eidier  a 
designated  aviation  billet  or  an  aviation  training 
billet,  llie  patient’s  .syncope  or  syncope-related 
diagnosis,  as  well  as  odier  relevant  diagnoses, 
were  recorded.  Based  on  final  diagnosis,  each 
subject  was  categorized  as  having  I’liysiologic 
syncopal  event,  or  secondary  syncope.  The 
physiologic  i.yiicopc  group  included  all  types  of 
syncope  considered  due  to  exaggerated  pliysiologic 
responses  (vasovagal,  vasodepressor. 


ncurncardiogenic,  hyperventilation,  micturition, 
cough/sneeze,  Valsalva,  etcetera).  The  secondary 
syncope  group  included  all  subjects  with  an 
identifiable  disease  process  felt  clinically  to  be  the 
proximate  cause  of  die  syncope  (history  of  closed 
head  trauma  with  loss  of  consciousness,  coronary 
artery  disease,  cardiac  conduction  disturbance, 
seizure  disorder,  metabolic  disorder,  benign 
paroxysmal  vertigo,  disorientation/disequilibrium, 
psychiatric  disease).  Special  attention  w'as  paid  to 
die  original  referral  diagnosis,  noting  whedier  it 
differed  categorically  from  the  final  diagnosis  on 
die  basis  of  syncope  category  (physiologic  or 
.secondary),  and  whedier  the  STB  results  accounted 
for  die  difference. 

Analysis:  l:pi  Info  Version  S.Olb  statistical 
.software  was  used  for  data  ba.se  creation,  data 

'I'jitilr  1.  UkiiiciiU  of  Ihu  NAMI  Syiici))H:  'I'chI  Uultcry. 


SYNCOl’li  TUS'l'  BATTURY 

These  IcaU  SIC  to  be  jierfoniieC  by  the  fliglil  Surgeon 
widi  die  pslienl  uii  clcelrovsiUioi’iuphie  iiiouiuiriii){. 
Uluod  pivssure  uid  Isuiil  rale/riiyUiin  sie  reeiiuled  uller 
each  stimulus. 

OrdioKlvUe  testing: 

lloii/.uiilul 

Vertical 

IIori/.uiital  fur  15  ininutes,  Ihcn  vertical 
Inverted  head  down 
SquaUinglo-standins 

I Yuvoealive testing willi  pnlieiil  in  vertk'iil  m  .siniiding 
ixisition): 

Uiulslersl  eanitid  massage  (15  seconds) 
biluleral  ocular  pressure  (15  seconds) 
Ureadi  holding  al  niasinm)  iilspiralioii  (f/) 
Nceonda) 

Valsalva  lounei  -  cr  (30  secunds) 
llyiKrvcntilatioii  (3  ininules) 

Cold  pressor  lest  (hand  in  ice  water  for  I 
inuiule) 

Positive  pre^'sure  lireatliing  (3  ininules). 
for  Uetieal  aircrew  only 

Sigiiidcuiit  liiidings  (posilive  syncope  lest  btillery); 
Palicnl's  Byui(Huiiis  reprodueerj 
Asystole  for  3  seeuiids  nr  lotiger 
MulignaiU  dysrliytlmiia 
Loss  of  eonsciousnesH 
OrUiostasis:  25  niinllg  drop  in  systolic 

blood  pressure,  nr  10  25  ininllg 
dmp  in  systnlie  bloud  pres.surc 
wlieii  syslulie  blood  preaisun:  below 
90  nnnllg 


Tshl*^  2.  Analysis  of  Syncojx:  Test  IHailcry  in  the  Diagnosis  of  Syncope. 


SyncojH:  Test  Batlciy 


Final  Synco|K  Diagnosis 


Physiologic 

Secondary 

PosUivc 

7 

0 

Negative 

27 

21 

TuUil 

34 

21 

Total 

7 

4S 

55 


Sensitivity:  20.6  % 

S|)ccincity:  100.0  % 

Proiktive  Value  Positive:  100.0  % 

Prtxliclivc  Value  Negative:  43.7 

CoiiLordancc:  50.9  % 


entry,  euieulalion  of  descriptive  stati.stics  and 
development  of  eontingeney  tahles."’ 


Seventy-eight  patients  were  identified  as  potential 
study  suhjeets.  Of  the  chares  available  for  review, 
55  contained  a  complete  clinical  evaluation  nnd 
documented  STD  results.  Tliese  55  patients 
eumpri.sed  tiie  study  subjects.  Hie  mean  age  at 
evaluation  was  2d. 95  years  (range,  18  to  72).  Ten 
subjects  were  women  (18.2%),  I’ifty-three 
.subjects  were  designated  aviation  personnel  or  liad 
been  selected  for  aviation  training.  Of  tliis  group, 
46  (87%)  were  ofneei7uftieer  eandidate.s  and  7 
(13%)  were  enlisted  rates.  One  subject  was  a 
military  dependent  spouse.  One  subject  was  a 
retired  Naval  l-liglit  Surgeon,  who  was  part  of  a 
speeiul  longitudinal  evaluation  program  being 
conducted  at  NAMI. 

Thirty-four  suhjeets  (61.8%)  were  categorized  as 
having  physiologic  syncope.  The  remaining  21 
subjects  (38.2%)  had  syncope  altriliuled  to  anotlier 
aeroinedieally  significant  diagnosis.  No  subjecLs 
were  noted  to  have  a  discrepancy  between  referral 
and  linal  diagnosis  based  on  syncope  category. 

Out  of  all  55  subjects,  only  7  (12.7%)  had  a 
ixisitivc  .STB.  Analysis  of  the  accuracy  of  the  STD 
as  a  predictor  of  final  diagnosis  is  shown  in  Table 
2.  The  sensitivity  was  20.6  %,  specificity  100  %. 
predictive  value  positive  100  %,  predictive  value 
negative  43.7  %,  and  coiieordanee  50.9  %. 


DxaminatUm  of  the  individual  tests  eonipi  isiiig  the 
STB  demonstrated  that  5  subjects  were  positive  on 
more  than  one  individual  test.  Two  subjects  were 
positive  on  only  one  of  die  individual  tests.  The 
positive  findings  were  distributed  among  three  of 
the  individual  test  items,  with  u  total  of  13  positive 
tests  (I'ablc  3).  All  13  positive  iiidividuul  tests 
were  positive  based  on  subjective  reports  of 
reproduction  of  .symptoms,  i.e.,  near  syncope.  No 
prolonged  asystole,  dysrhythmia  or  frank  syncope 
were  produced.  The  two  best  performing 
individual  tests  were  liyperventilation  and  maximal 
breath  holding,  each  with  a  sensitivity  of  14.7  %, 
speeifieity  100  %,  predictive  value  positive  100 
%,  predictive  value  negative  42.0  %,  and 
concurdiuicc  47.3  %.  The  two  tests  showed 
concordance  with  each  otlier  of  42.9  %.  Bilateral 
ocular  pressure  showed  euneoidaneu  with 
hyperventilation  of  71.4  %  and  with  maximal 
breath  holding  of  14.2  %. 

It  should  also  be  noted  that  three  additional 
subjects  were  found  to  have  subjective  pre  syncope 
during  kyperventilation  that  wav  iiot  felt  to 
reproduce  the  subject’s  symptoms,  in  all  three 
eases,  both  the  individual  test  and  the  overall  STB 
were  interpreted  as  negative.  Only  one  of  the 
three  could  be  categorized  as  physiologic  syncope. 
If  we  retrospectively  reclassify  these  three  subjects 
as  having  positive  Syncope  Test  Batteries,  'be 
sensitivity  becomes  23.5  %,  specificity  90.5  %, 
predictive  value  positive  80  %,  predictive  value 
negative  42.2  %,  and  eonairdanee  49. 1  %. 


Furty-six  records  had  adequate  documentation  of 
the  recommended  aviation  disposition,  i.e., 
physically  qualified  or  waiver  recommended  for 
aviation  versus  disqualification  from  aviation.  Of 
the  7  subjects  with  a  positive  STB,  only  1  of  5  (20 
%)  were  recommended  for  return  to  aviation;  no 
additional  analysis  of  these  limited  data  were 
appropriate.  For  all  subjects  with  a  negative  STB, 
return  to  aviation  duties  was  recommended  for  IS 
of  23  (65.2  %)  with  physiologic,  and  13  of  IS 
(72.2  %)  with  secondary  syncope.  Chi-square 
analysis  showed  X’  =  0.22  (NS;  p  >  0.05). 


From  Table  2,  the  specificity  and  predictive  value 
positive  are  both  100  %,  which  might  be  construed 
to  indicate  strong  performance  by  the  Syncope 
Test  Battery.  However,  these  two  tests  are 
relatively  meaningless  when  looking  at  the  whole 
of  the  data.  The  sensitivity  is  very  low,  meaning 
that  the  STB  performed  poorly  in  identifying 
patient*  with  physiologic  syncope.  Further,  the 
low  predictive  value  negative  Indicates  that  a 
negative  STB  might  inappropriately  sway  clinicians 
towaid  conducting  a  more  extensive,  invasive  and 
expensive  diagnostic  workup  than  otherwise 
indicated  by  a  well-performed  history  and  physical 
examination.  Lastly,  the  concordance  of  just  over 
SO  %  means  that  the  STB  has  the  same  meaning  as 
the  fair  toss  of  a  coin. 

The  lack  of  usefulness  of  the  Sl'B  is  also 
supported  by  the  analysis  of  the  individual 
components.  The  test  battery  is  made  up  of  13 
individual  test.*.  None  of  the  orthostatic  testing 
procedures  were  positive.  The  i3  positive  tests 
found  in  seven  .  ubjects  were  scattered  over  three 
individual  tests.  Five  subjects  had  multiple 
positive  individual  tests,  but  since  each  individual 
test  focuses  on  a  slightly  different  physiologic 
pathway  for  the  production  of  syncope,  the 
meaning  of  multiple  positive  tests  is  not  clear. 
The  only  high  concordance  was  between 
hyperventilai'  in  and  bilateral  ocular  pressure,  but 
the  physiologic  mechanisms  governing  these  two 
tests  are  markedly  different. 

The  STB  also  fails  on  another  count.  The  results 
of  the  STB  did  not  affect  the  final  diagnosis  for 
any  subject.  The  final  diagnostic  category, 
physiologic  or  secondary,  did  nor  change  from  the 
referral  diagnostic  category,  indicating  that  the 
STB  had  no  impact  on  the  diagnostic  decision 
process. 


There  are  several  potential  biases  related  to  the 
retrospective  nature  of  this  study.  Observer  bias 
may  be  present,  since  the  physicians  and 
l^ratory  technicians  conducting  the  STB  were 
r  '  blinded  to  the  referral  diagnoses  or  the 
physician’s  initial  clinical  impressions.  Thus, 
observer  bias  might  make  it  more  likely  that  the 
results  be  interpreted  as  positive  if  a  physiologic 
syncope  were  suspected  and  negative  if  a 
secondary  syncope  were  suspected.  Subject 
reporting  bias  might  be  present,  since  subjects 
suspected  of  having  physiologic  syncope  might  be 
subtly  cued  to  report  test-elicited  symptoms  as  a 
qualit^ive  reproduction  of  their  syncopal 
symptoms.  Conversely,  subjects  suspected  of 
secondary  syncope  might  be  cued  to  report 
symptoms  as  being  qual  itatively  dissimilar,  thereby 
producing  a  negative  test.  A  related  problem  is 
the  lack  of  rigorously  specified  protocols  for 
conducting  the  individual  tests.  Knowledge  of 
initial  clinical  impressions  might  result  in  subtle 
differences  in  administration  of  the  individual 
tests.  Tests  might  have  been  administered  in  ways 
more  likely  to  produce  syncope  in  subjects 
expected  to  have  physiologic  syncope  than  in  other 
subjects.  The  three  subjects  with  near-syncope  but 
judged  to  have  negative  tests  provides  evidence 
that  one  or  more  of  those  biasec  may  have  been 
operative.  Exactly  how  far  these  biases  might 
have  affected  the  final  results  is  not  knowable. 
The  presence  of  these  biases  would  only  serve  to 
falsely  increase  the  likelihood  that  the  STB  would 
accurately  distinguish  between  physiologic  and 
secondary  syncope.  If  we  could  accurately  assess 

Tabk  3.  PoBitive  NAMl  Syncope  Test  Battery  Results. 


Individual  Twt  Procedure  Number  PosUivc 

OrthosUtic  testing;  0 

Horizontal 
Vertical 

Horii:onLal>  then  vertical 
Inverted  head  down 
Squatting-to-sUnding 


^ovocative  teating: 

Unikteral  carotid  massage  0 

BUaterel  ocular  pressure  3 

Breath  holding,  max  inspiration  S 

Valsalva  man  7uver  0 

Hyperventilation  S 

Cold  pressor  test  0 

TCTAL  13 
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the  presence  and  effects  of  these  biases  and  control 
for  them  in  the  analysis,  we  would  expect  the  true 
results  of  this  study  to  be  even  more  negative. 
Thus,  malting  the  assumption  that  these  biases  are 
present  provides  stronger  support  for  our 
interpretation  of  the  data,  i.e.,  that  the  STB  lacks 
usefulness. 

There  are  other  potential  limitations  to  the  study. 
The  total  study  size  was  not  large,  always  a 
limitation  on  the  power  of  a  study.  Because  of  the 
relatively  small  study  size,  the  influence  of  data 
unavailable  due  to  missing  or  incomplete  charts  on 
the  magnitude  and  direction  of  the  study  results  is 
potentially  significant  and  unpredictable.  Also,  it 
is  possible  that  our  search  protuco!  did  not  identify 
all  possible  subjects  who  had  been  given  the  STB. 
However,  it  is  noted  that  die  yield  of  positive  STB 
results  was  very  low  (12.7  %).  A  minimum  of  20 
additional  subjects,  all  with  physiologic  syncope 
and  all  with  positive  STB  results,  would  be  needed 
to  achieve  a  sensitivity  of  merely  50  %  (and 
concordance  of  64  %).  It  is  highly  unlikely  that 
finding  all  previously  unavailable  data  would 
produce  such  a  dramatic  change  in  the  study 
results. 

Review  of  the  literature  indicates  that  use  of 
batteries  of  tests  to  elucidate  tiie  cause  of  syncope 
are  not  new.  Uermksian  and  Lamb  found  that 
they  could  induce  syncope  in  17  of  55  syncopal 
aircrew  subjects  with  a  similar  test  battery." 
However,  in  another  study,  the  same  authors  using 
similar  methods  induced  syncope  in  21  of  50 
"normal"  subjects. Newberry  looked  at 
orthostatic  testing  techniques  and  concluded  that 
orthostatic  factors  were  not  related  to  factors 
affecting  impaired  consciousness  in  fight.'’  In 
addition  to  these  studies,  recent  authors  have 
emphatically  decried  the  lack  of  any  meaningful 
"gold  standard"  test  by  which  to  evaluate  syncopal 
patients.’’" 

How  should  the  flight  surgeon  proceed  when  faced 
with  an  aviator  who  has  had  u  syncopal  epi.sode? 
Fortunately,  the  general  medical  literature  has  a 
fairly  well-estabiished  consensus  approach  to 
syncope,  involving  an  algoritlim  based  on  a  well- 
performed  history  and  phy.sical  examination.*  ’’’’" 
We  have  adapted  this  approach  at  NAMI  to  replace 
the  STB  (Figure  1). 

Tills  algorithmic  approach  is  more  informative 
when  looking  at  the  type  of  patient  being 


evaluated.  Age  is  going  to  be  the  most  imjjortant 
patient  clraracteristic  in  guiding  diagnostic 
evaluation  and  aviation  disposition.  Several 
studies  have  looked  at  the  "incidence"  (actually 
lifetime  incidence)  of  syncope  in  younger  adult 
populations.  Derinksian  and  Lamb  found  a  7  % 
incidence  of  true  syncope  in  a  survey  of  5000 
aviation  personnel  aged  17-62  (62  %  response, 
rate)."  However,  Lamb  and  Dermksian  concluded 
that  the  incidence  was  closer  to  15-25  %  in  a 
survey  of  1980  USAF  personnel  aged  17-45  ( >  98 
%  response  rate).”  Williams  found  a  21  % 
incidence  in  891  college  students,"’  and  Murdoch 
found  yi  %  in  South  African  military  trainees.” 
These  data  contrast  with  a  lower  incidence  of 
syncope  (3-3.5%)  found  by  Savage  in  a 
prospective  anal’/.sis  of  an  older  population  (30-62 
years  at  the  beginning  of  26  years  of  follow  up)  in 
the  Frainingtiani  population."  It  is  no  surprise  to 
note  tliat  the  literature  nut  only  supjiorts  a 
difference  in  the  incidence  of  syncope  with  age, 
but  that  the  mechanisms  of  .syncope  are  also 
different.  Several  studies  have  noted  tiiat 
"unexplained"  syncope,  vasovagal  syncope  and 
syncope  secondary  to  psycliiatric  diagnoses  are 
more  common  in  the  young  adult  population,  and 
that  other  diagno.ses  related  to  aging  such  as 


Figure  I .  Syncope  Bvaluation  Algoritlim 
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coronary  artery  disease,  cerebrovascular  disease, 
autonomic  neuropathies,  etc.,  are  related  to  tlie 
older  population. 

"Unexplained"  syncope  often  implies  that 
insufficient  history  is  available  to  label  the  episode 
as  neurucardioi’cnic.  With  no  firm  diagnosis,  this 
category  of  syncope  defies  prediction  as  to 
likelihood  of  recurrence  and  precludes 
development  of  treatment  strategies.  A  diagnosis 
of  neurocardiogenic  syncope,  comprising  both 
va.sovagal  and  vasodepressor  types  of  syncope,''  is 
more  reassuring  to  the  flight  surgeon  since  the 
physiologic  mechanisms  of  the  Bezoid-iarisch 
reflex  are  well  described. 

Neurocardiogenic  syncope  still  presents  a  dilemma, 
since  there  is  no  diagnostic  test  to  confirm  such  a 
diagnosis  and  the  question  remains  as  to  whetiier 
or  nut  a  given  aviator  may  be  a  “physiologic 
hyper-responder."  Kapoor  and  Ross  have  both 
commented  on  the  lack  of  a  "gold  .standard"  test 
by  which  to  coiifirin  die  diagnosis  or  identify 
putative  hypcr-respoitder,s.’'“  None  of  the 
commonly  used  orthostatic  or  vasovagal  maneuvers 
tiiat  are  known  to  produce  syncope  have  defined 
population  parameters  or  been  correlated  with  the 
likelihood  of  producing  syncope.  >‘>ome  recent 
studies  have  attempted  to  develop  population 
liaramcters  for  some  maneuvers,  but  as  yet  do  not 
provide  sufficient  information  for  using  these 
maneuvers  to  evaluate  syncope  in  the  general  or 
aviation  populations. The  technique  of  tilt  table 
te,sting,  both  with  and  witliout  isoproterenol 
infusion,  has  good  theoretical  relevance,  has  been 
used  in  aerospace  medicine  research,  and  has 
recently  been  in  vogue  as  a  tooi  for  syncope 
evaluation.”"’'  In  spite  of  data  indicaliiig  the 
reliability  of  tlie  tilt  table  test,”"’''  Kajxior  has 
correctly  pointed  tiui  and  provided  supporting 
evidence  that  the  test  is  non-specific,  and  therefore 
currently  must  he  viewed  as  having  dubious 
validity.*'  It  mu.st  be  noted  that  the  recent  tilt  table 
testing  .studies  have  used  subjects  with  a  wide  age 
range,  usually  heavily  weighted  toward  older 
subjects  with  additional  medical  problems.  The 
real  value  of  tilt  table  testing  may  not  be  known 
until  it  is  evaluated  witliin  more  rigorously  and 
narrowly  defined  age-  and  di3gnosi.s-referenced 
populations. 

An  interesting  aspect  of  tilt  table  testing  may  be 
noted  from  studies  looking  more  specifically  at 
younger  adult  groups.”'”  It  appears  that  within 


that  population,  lower  baseline  pulse  rate  may  be 
a  predictor  of  tilt  table-induced  syncope.  If  so, 
then  aerobic  cardiovascular  conditioning,  resulting 
in  lower  vagally-mediated  pulse,  may  predispose 
individuals  toward  increased  syncopal  response 
related  to  the  Bezold-Jarisch  reflex.’"  This  may 
have  important  implications  regaiding  both  tlie 
evaluation  of  the  wcli-conditioned  younger  aviator 
with  syncope,  and  his/her  susceptibility  to  G-LOC 
and  strategies  to  combat  G-LOC.*'"*’ 

Tfie  tilt  table  test  currently  is  the  bc.st  tool  fur  the 
evaluation  of  an  aviator  with  suspected 
neurocardiogenic  syncope,  but  at  best  it  can  only 
be  looked  upon  as  ^Junctivo  and  fiossibly  helpful. 
Aerospace  medicine  may  have  an  impi^rtant  rule  in 
advancing  the  evaluation  of  tilt  table  testing  based 
on  the  community’s  expertise  in  G-LOC  and 
cardiovascular  decunditioning  in  the  micnigravity 
environment.  As  an  example,  current  tilt  table 
testing  methodology  is  standardized  only  on  the 
horizontal  angle  to  which  the  patient  is  raised. 
Our  ex|>erience  with  G-LOC  would  indicate  fliut 
the  technique  should  control  for  the  height  of  the 
heart-eye  hydrostatic  column,  which  even  at  I-C 
might  be  an  impoi"taiu  facttir  differentiating  shorter 
and  taller  syncopal  aviators.*''** 

The  sequence  of  evaluation  and  resullant 
disposition  of  die  syncopal  aviator  still  largely  defy 
hard  and  fast  recommendations.  Disposition  will 
be  related  to  prognosis,  wiiich  for  the  aviator  must 
include  both  the  general  likeliliood  of  recurrence 
and  tlie  likelihood  of  recurrence  in  the  flight 
enviionment.  Obvious  patient  characteristics  sucli 
as  age  gain  im|>ortance  as  a  consideration  in  tlie 
evaluation  and  disposition  process.  More 
exteasive  diagnostic  evaluations  focusing  on  the 
most  likely  underlying  diagnoses  based  on  age  are 
defensible.  In  older  adults,  workups  should  focus 
on  cardiovascular  diseases  and  other  diseases 
related  to  aging.  In  younger  adults, 
neurocardiogenic  syncope,  psychiatric  diagnoses, 
hypertrophic  cardiomyopathy  and  aberrant  cardiac 
conduction  paUiways  must  be  considered. 

Wifli  respect  to  general  prognosis,  the  i'elatioii.ship 
of  syncope  to  general  mortality  is  related  to  the 
etiology  of  .syncope,  but  is  unrelated  to  having  had 
iyncope.'*'°  Therefore,  disposition  will  largely 
depend  upon  die  etiology  of  syncope  and  the  risk 
of  in  flight  syncope  occurrence.  Some  conditions 
may  be  permanently  disqualifying,  but  potentially 
curable  diagnoses  may  allow  the  aviator  to  return 
to  flying  if  the  risk  of  recurrence  during  flight  is 
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low.  It  is  notable  that  the  overall  occurrence  of 
sudden  inflight  incapacitation  is  relatively  rare,  '*  " 
and  Froom  concluded  that  the  causes  are  age 
related  with  the  must  important  causative  factors 
being  hypertrophic  cardiomyopathy  in  men  under 
35  years  and  coronary  artery  disease  in  men  over 
35  years.  Syncope  due  to  physiologic  or  unknown 
causes  probably  represents  about  one-third  of  the 
'loss  of  consciousness"  subset  of  sudden  inflight 
incapacitation  events.^”  Neurocardiugenic  and 
oilier  physiologic  syncopes  in  young  adults  in  most 
cases  may  be  so  situationally  dependent  as  to 
mitigate  against  the  cliance  of  recurrence  in  flight. 
However,  another  factor  such  as  lack  of  flight 
experience  may  be  a  bigger  hazard  to  the  younger 
adult  tlian  die  risk  of  recurrent  pliysiologic 
syncope."* 

Our  data  were  too  sparse  to  draw  any  meaningful 
conclusions  regarding  the  intlucnce  of  S3'li  results 
on  recommended  aviation  disposition.  However, 
it  is  interesting  to  note  that  die  X*  analysis  of  die 
negative  STU  subjects  showed  no  difference  in  the 
likelihood  of  being  returned  to  aviation  status  for 
either  the  physiologic  or  secondary  syncope 
groups,  which  ranged  from  65.2  %  to  72.2  %. 
Blackburn  has  reviewed  tlie  cases  of  7  aviators 
evaluated  by  a  Special  Boaid  of  Flight  Surgeons  at 
NAMI  in  1962,  and  found  4  of  7  (57  %)  returned 
to  a  flight  .status.*"  Sundaram  found  that  5U  of  ti8 
(56.8  %)  aviators  evaluated  for  syncope  at  the 
USAF  School  of  Aerospace  Medicine  in  1966- 
1967  were  returned  to  flight  dutie.s.’'  More  recent 
USAF  data  indicates  that  1 17.  of  124  (90.3  %)  of 
syncopal  aviators  evaluated  from  1985-1997  were 
lelurned  to  flight  duties.” 

In  spite  of  several  ini|)ortanl  teduiicai  advances 
(e.g.,  isoproterenol  tilt  table  testing, 
electrophysiulugic  .studies),  the  evaluation  and 
disposition  of  the  synuipul  aviator  has  improved 
primarily  through  application  of  the  jirinciple; 
"work  smarter,  not  harder."  Ihe  general 
challenge  will  be  to  eliminate  ineffective 
methudulugies,  and  to  develop  reliable,  population- 
based  tools  that  are  valid  in  identifying  the  likely 
cause  of  syncope  and  risk  of  recurrence.  Tlic 
acciued  expertise  in  the  aero.space  medicine 
community  in  evaluating  G-related  loss  of 
consciousness  may  provide  valuable  contributions 
to  the  general  field  of  syncope  re.scurch. 
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THINK  HEALTH  NOT  DISEASE 
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Introduction 

CllniLol  decisions  in  niiliUny  avlalion  medicine 
nui.sl  relleel  operalional  lequiiemenls.  A I'ro.spaee 
tiicdicttic  i.s  spcci/r/  (Ojiy  i'CewMsc  i/.s  ftrui'ttci'  semes 
It  jiuriioiv,  iiaiiu'ly,  to  itppl}/  iiii'diail  uluiiJurils  to 
III!  extrciiiclit  dei77inidi<iy  firufciawii.  Wiien  nations 
eUoose  to  maintain  mililary  defei\ee  t'orces  ■■  one 
eom|7onent  ol  wliieli  beln{;  dedicated  to  exert  air 
l)>iwer  —  it  is  tile  oeeupation.il  aspect  with  its 
preventive  diinenblon  tliat  inaKe  aviation 
medicine  .i  specialty. 

VVie  t/is'hl  .lurifivii  in,  in  fuel,  u  incre  i^iiurdiun  oj 
;<»WiV  itioe.si/Hi'H/.s  in  lU’iuloiy  und  uirpliini's. 


1'able  1.  IX'fence 

exiiciidituies  in  NATO  Countrk-s 
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'  Lsltinule 

Tire  policies  wliieli  deteimine  public  expenditures 
withiir  various  sectors  of  national  pursuits  air 
power  and  mililary  aviation  medicine  not 
excluded  --  are  lar(;ely  based  on  financial 
consideiations  and  imiy  be  fully  apjneciated  only 
wlien  coirespoiuiinj;  fiscal  mailers  are  taken  into 
account. 

aiulr  J'itmncfi  arc  fuiidunwntal  to  the  p'lilosop/iy 
nf  niililury  niidieini;  including  licullli  cart'  for 
iniliiury  uviutom,  rrifardh-na  of  the  eonturliou 
Viiiy  rci  ii,i;((ii(’d  or  noi. 


Altliouyjh  such  an  anpje  ol  attackinp,  the  problem 
ol  clinical  decision  makiii);  in  aviation  medicine 
mip.lrt  appear  extraordinary,  it  is  nevertheless 
basic  to  our  discussioiiH,  so  let's  bv^ln  by  tiikiiiK  a 
look  at  Ute  economics  involved. 

Uelence  bududs  are  amony,  llie  major  publii' 
expenses  in  counliies  belongiiift  to  llie  NA'Iw 
.illiance  ran};ie.f;  from  aiiproxlmately  1,.“)  to  .‘',5'Xi  ol 
the  GUI’  (Table  1).  Tile  trend  is  obvious  wlien  the 
detence  budKet  is  pre.senled  as  fi.iitlon  ol  llie  fiscal 
budget  even  if  both  may  sluiw  growth.  Taking,  my 
own  country.  Not  way,  as  an  example,  llie  national 
defence  budget  is  considerable,  although  the 
general  tendency  oi  western  luilions  ol  reducing 
exiH-ndiliires  toriiclence  purposes  is  evident  (Tal'le 
2)- 

Tublc  2.  Uelence  expenditures  ol  Norway 
1W4 


Year 

h'iseal 

Defence 

'X.  sliaie 

budget 

budge! 

ol  I’i.seal 

liudget 

1989 

267..3H3’" 

20.407 

7,li  % 

1990 

296.7')6 

2l.h9.3 

7,4  ‘/n 

1991 

314.837 

22.420 

7,1 

l')92 

333.630 

23.1.36 

6,9 

1993 

331.71 1 

22.343 

l.,4 

1994 

337.40b 

22.962 

6,4 

•  Narruryiiiri 

(‘'iiium.s  la  oo'llioo.s 

When  distributing  llie  Uelence  budget  lietwi'cn 
the  liiree  major  services,  it  appears,  liuwi'Ver, 
llial  the  amount  of  moiuy  inveoted  in  air  defeiiee 
has  m><  hern  ciirtniled  ooer  the  pinit  few  yems.  In 
tile  contrary,  allocations  to  our  Air  I'orce  liave 
remained  level  (Table  3). 

Obviously,  witli  se.cli  an  inveslment  to  proteci, 
society  deiiiand  holli  effeclivenesb  of  ojierations 
and  flying  safely.  However,  a  reguirenienl  of 
simultaneous  safely  and  etfucliveness  carries  an 
essential  discord  due  to  the  obvious  liuir.ards  of 
miliUry  aviation.  7'liis  coufliel  conutitiile  the 
raison  d'Oltr  of  militury  aoiution  medicine. 


Vu’sentvd  ut  u  tiytnf,\i.\iuiu  on  ‘The  t'tiniiul  Hosts  fat  Aetunu'dieal  th'iision  Mokliia’,  Apiil  IW4, 
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Tabic  3.  A  Uot'alioii  to  ariucd  furcc.  liy  si'rvkv 
(Norway) 
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1994 
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4,4 

4,1 
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Navy 

2,4 

2,4 

2,4 

-  1,.3% 

Air  boice 

•M 

.T,ll 

3,1) 

f  t),4% 

'wions  tn 

I'illions 

Tilt  i>iiiiiary  objtctivt  of  luilitary  avialioii 
mtdk'liit,  tliorol'ort,  is  lo  contributt  in  an  tfforl  of 
(iroducini^  Utisinuitl  fil  to  coinpltlt  air  o|>tiiUloii.s 
sutttssfully  with  a  ininiiuuin  of  lossts. 

Attuptiii);  tlut  the  prliulpal  aim  of  any  air  foitt 
is  lo  attain  tombal  itadintss  to  suth  a  Icvtl  ol 
txttlltni'o  tliat  optratloiial  Itadtrs  may 
amfidtntly  apply  lliuir  unils  in  battles  fouyhl  in 
order  lo  rontrol  air  spate,  proftrammos  aiming  at 
military  Hying  safety  is  just  a  means  tt  .m  end  ol 
not  uneeebsarlly  loosing  lives  and  xpenslve 
e<.|ulpmenl,  and,  paiTieulaily  not  to  appear  a 
threat  to  third  (lersou's  llie  and  properly  -  at  least 
not  in  peace  lime. 

Airborne  weapon  plalfoims  are  Increasingly 
dominated  by  liigh  technology,  yet,  largely 
human  tuctor  dependent.  Cun.secjuently,  selection  oi 
candidates  suitable  for  militaiy  flying  training, 
health  management  and  retention  of  qualified 
aviators  con.stltute  major  challenges  to  practioner.s 
of  aviation  medicine. 

77/1'  ilini'xiiiul  I'dyi'  uriticli  M'/Kirnl/'H  auctvss  fruiii 
fiiHiur  ivhfii  coiitiwiiiif!  fur  uir  aiifh'n'urili/  muy.  in 
juct,  be  ileciJed  fry  f/ucse  able  lo  piek  iinJ  to  eoath 
I'eopte  wHIi  a  /lotenlial  lo  roin  in  eoinbai. 

It  follows  that  the  health  profile  of  air  crew 
members  is  interesting  only  as  far  a',  it  concerns 
their  ability  In  pertui'in  well  during  unu.suatly 
demaiidbig  actions  in  peace  time  as  well  as  durbig 
warfare,  b'or  this  reason  most  national  air  forces 
maintain  es|iertise  witliin  tiie  field  ol  aviation 
medicine  -  applied  psychology  included  -  the 
jiuri’ose  being  two  told:  fir.sj/y,  lo  help  hiiilil  an 
ejfeetive  Jiyhliny  foree  by  means  of  u’hieli  lo  exert 
uir  power  In  hostile  environmenis,  seeonJIy,  lo 
promote  flyiny  safely. 

7'hose  suffering  from  unhealtliy  conditions  of  body 
or  mind  should  not  parliclpule  in  air  operations. 
Ilnesses,  their  treatment  and  tlie  jirognoses  oi 
recovery,  ouglit  lo  be  left  to  physicians  who  .see 
patients  regulaily,  whereas  continuous  monitoring 
of  ail  crew  heultii  is  the  respunslbiiity  of  the 
flight  surgeon.  Moreover,  any  evaluation  of  fitnes 
for  fight  or  ablillly  to  support  the  air  struggle 
mu.sl  reflect  tiie  o)7eralional  tasks  of  the  various 


aircraft  in  tire  inventory  since  the  pe'rformancc  ol 
the  equipment  flown  to  a  large  extent  determines 
the  human  factor  requirements  of  military 
aviation. 

Such  is  the  basic  concept  argued  in  this  pajier. 

PdipoMful  M*dlcal  Ddcition-Making 

When  iiieciieal  decisions  are  made  lor  a  certain 
purpose,  evaluating  air  crew  heailli,  for  instance, 
the  sourees  of  inforinalion  useti  in  order  to  arrive  at 
conclusions  need  lo  he  ex.imincd.  Likewi.se,  the 
loots  employed  in  order  lo  derive  information  must 
he  reviewed  with  ivspecT  to  .ippileabilily . 
Moreover,  the  ifleoanee  of  the  itifonnalioii 
obtaineil  has  to  be  carefully  eoiiHidered, 

One  essential  dlllereiieo  between  the  practice  ot 
niedieine  wlieii  treating  }iiitienls  as  cipposed  ti) 
oeeupatinnal  health  cure  lias  lo  be  expre.ssed  at 
this  |iolnl  : 

as  II  rule,  pliy.sicTans  see  patients  with  histories  ol 
symploms  and  signs,  which,  taken  logellier,  are 
recognis'd  and  invcsligaled  by  appropiiate 
melhotls.,  i.e.  proeeJiires  ivliieh  are  elinieally 
inJiealeJ.  If  the  client  lo  he  seen  is  obviously 
healthy,  adniiiiislraliim  of  addilioiiul  testing 
lakes  place  without  a  clinical  indiculion,  The 
meie  existence  ol  sophislicaled  methods 
developed  fur  diagnostic  purposes  does  not 
validate  llieii  UidLscriiiiliiale  u.se.  When  lieallliy 
clients  are,  iioverllielest,  exposed  lo  a  battery  ol 
previously  selected  jii'.Keduies  in  order  to  jnediel 
iieallh,  vrlial  would  be  llic  slgiiifieaiice  ol  such  ,iii 
approach? 

With  no  liislory,  no  symptoms  or  siyns,  aiiil,  no 
normal  inatrrial  as  a  leferenoe,  physicians  are  at  a 
loss  and  any  eonelnsions  airieed  at  may  be 
seriously  yueslioned. 

Yet,  tills  is  exactly  how  aviation  and  simcc 
iiicdiciiie  is  fieqiieiilly  being  [iracticcd  wlicii  yumi); 
candidates  aic  selecU'd  as  well  as  at  routine 
medical  examinations.  7lius,  there  is  an  obvious 
need  to  justify  ie.suuree  iiiaiiagemeiil,  iiielliods  used 
and  elinleal  decisions  made 

These  are  unpleasant,  but  Inescap.ihle  f.u  ts. 

Th«  Scorch  for  Modlcol  Consiantt 

It  is  almost  a  ..lalemenl  of  the  obviiuis  to  submit 
tliat  any  seienli/ie  field  of  study  uihieh  /nvyress 
rapidly  is  cliuraeterized  by  a  number  of 
maruellous  eonslanis,  and,  that  tlie  variables 
studied  may  be  fairly  well  eonlrolled,  at  least 
during  experimental  eoiiditioiis.  The  swift 
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dovelopinont  of  chemistry  apd  physics,  for 
instance,  depends  iargely  on  the  knowledge  of 
exact  figures  whicit  are  either  constants  or  may  be 
accurately  determined  in  time  and  space,  by  mass 
or  Wuveientghs,  as  energy  content  witli  states  of 
energy  to  bo  calculated,  and  all  of  it  described  in 
tire  precise  language  of  mathematics.  Ihese  merits 
of  expression  are  much  to  be  cneied  by 
investigators  of  the  life  scii  ■ict.c  who,  in  the 
abscence  of  similarly  sharp  tools,  are  left  to 
merely  muddle  tlrrough. 

but  medlclite  is  not  entirely  without  useful 
melliods  proviJi'd  Ihcy  arc  .irnper/y  u//plicif  to 
rolrviiiit  I’rohlciiis  that  liuof  b‘\’)i  iilcnlifkJ  fry 
yiii'sfiDHs  which  addrcuti  key  issues.  Teitain 
cenlral  Ihenies  of  healtli  varies  predielably  willi 
liereditary  factors,  medical  lilstory,  age,  sex, 
social  frame  of  referenee,  etc.  Moreover,  iii 
aviation  inodieine  if  is  fair  to  assume  tliaf  seveiul 
tesling  pioeedures  are  carried  out  due  to 
occupational  {iistificatlunin  accordance  with 
]irevenlive  moa.sures,  llrus,  not  necessarily  being 
indicated  by  ellnical  eonslderallons.  Consequently, 
the  problem  tltal  pra.  tioners  of  aviation  medieine 
face,  is  lo  bo  aware  in  wliat  exlent  knowledge 
derived  using  dlag.noslic  proeedures  v/itlioM  a 
elinicul  Indleation  may  eoniribute  to  sound 
conclusions.  It  if  iiiiiiortuiil,  Ihon'lorc,  to  kcqi  in 
mind  thiil  tl:c  nmouiil  oj  rcicvuiil  iulormalwn  f/ius 
olilaiiicd  dciK  iidf  on  the  icofon  for  nnd  /ircihioh  of 
imiiiiry. 

Two  issues  are  more  relevanl  titan  otln'is  wlteii 
physicians  make  medical  decisions  w  tlii'Pf  any 
clinically  pertincnl  evidence.  'I'lie  iirsi  one  is  ihi' 
jutnily  tncdlcul  hiflory  bec.au.se  il  gives  a.i 
indication  as  to  the  genetic  iiiacr’e,!  tanleJ  l)y 
the  person  examined,  the  other  is  the  eflaf 
ftuiifticf  of  the  society  in  ciuestlon  slrti:e  tills  :i.  tile 
main  source  for  prediction  of  Itcc-lth  baseci  on  a:.ic, 
.sex,  death  rates,  causes  of  duaiii,  and  above  ail, 
llow  flic  panorama  of  disease  processes  expands 
during  a  lifelline  These  two  iaefots  are  flte 
'‘eonslunls  oJ  oeeii;mti(miit  medieine  "  , 

The  first  one,  file  family  medical  Itlsloiy,  lias  to 
be  penetraled  in  depflt  in  order  lo  predict  future 
health  in  adoleseunee.  MucTi  informatiem  may  l>e 
derived  freun  ananuieses  alone.  The  second  one,  the 
vital  statistics,  as  described  by  tile  Offleial 
StuListies  of  Norway  is  sliown  in  ITg.  1. 


I'Tg  I.  Ueatli  rales  per  llKl.tJt)  poj'olalion  in 
Norway  IWl 

li  appcxirs  tlial  Imving  lived  Ihrougli  tlie  llrsl  4 
years  of  life,  the  possibility  of  an  early  death  is 
very  n  inote.  l.ikeiviso,  llic  dealli  rate  bcTween  21) 
and  35  years  of  age  is  low  anti  remains  low  tlirougli 
age  44. 1'Toin  this  age  on  lovrards  retirement  age  at 
(>tl  there  is  a  rapid  increase  In  tile  ditalli  latc  per 
lOO.OOU  population.  A  consiticuous  difti'ienci' 
irelween  males  and  females  is  apparent  already 
from  age  15,  this  difference  beepining  increasuigly 
marked  as  years  go  by  -  Irut  tor  diffeienl  roason.s, 

S«i«ction 

When  selecting  candidates  for  military  flying 
training  il  is  iin|iorlanl  to  consider  tlie  time 
interval  of  effective  air  crew  usage,  it  is 
convincingly  shown  (I'ig.l)  that  llie  deatli  rale  lor 
males  Iretwc-eii  20  and  10  ye.irs  of  age  increases 
from  iibout  UK)  to  aiiiuoxiinatcTy  1H5  per  100.01)0, 
the  corresponding  numbers  for  females  bebrg  30  and 
105,  resi»ectively.  I  nnn  aye  4.*  these  rules  inereuse 
conspicuously.  It  follow.s  llial  vhen  .selecting  fur 
aviators  whexse  inililary  flying  carreer  has  eillier 
bee'll  terminated  at  age  40-45  by  promotion  into 
senior  officer  positions  within  the  Air  Uorce,  or 
else,  sc'i’aration  from  the  Air  I'Oice  lias  lakeo 
place  at  the  end  of  a  contraL't  period  of  10-12  year, 
Ihose  selected  upon 

1.  reoicioiny  the  tnedieul  history  of  enndidutes  in 

depth 

2.  physical  examination  emphiisiziny  speeiiil 
SI' uses 
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3.  tlioruujfli  ]>^ychnh}{iLal  telling,  ami 

4.  sjtccific  invcitigaHans  according  to  any  loaded 
family  history 

arc  nut  going  to  cause  much  trouble  fur  fligiit 
surgeons.  Moreover,  at  tlris  stage  there  are  no 
clinical  indications  for  any  forllter  extensive 
laboratory  pr('ccdures. 

On  the  other  hai'd,  there  arc  several  occtii>alional 
risk  factors  which  could  cause  additional 
invesligaliuits  to  be  performed  at  selection  time. 
Candidates  might  —  depending  on  national 
policies  —  bo  given  an  HKG,  in  some  instances  an 
i^xercise  HKG,  even  an  liCHO  may  be  lecjuired. 
Furthermore,  an  lliiG  with  provocations  like 
hyperventilation  and  flicker  stimulation  is 
frequently  added,  likewise  radiological 
inve.stigations,  blood  lipid  profile  delermirtalkms. 
and  fur  females  gynecological  screenuig  test  just  to 
iraine  a  few  procedutes  cotniiionly  perfunned.  In  Lite 
future  one  might  consider  testing  for  cancer- 
I'redisposition  genes  to  be  included,  I  lowcver,  since 
the  poiiulation  of  applicants  probably  constitutes 
an  already  highly  selected  liualliiy  lot,  the 
informatioti  derived  from  tltese  advanced 
procedures  ctiuld  be  almost  negligible  with  the 
possible  exception  ot  those  which  are  excellent 
I'ledictors  of  disease  according  to  familial 
cliaracteristics. 

VVir  results  olituiiied  may  he  very  valiiahle  for 
future  refereme,  of  cuu.'.-ic,  but  even  so, this  does  not 
inerease  their  diagnoslie  value  ul  scleeliun  lime. 
I'utlliermorc.  a  so-called  "negative  fmdiitc;"  is  not 
signiiicanl  at  all,  whereas  I'alhological 
manitestalions  are,  however  few  and  (ar  between. 
Worst  of  ail  are  findings  wbicli  would  be  obvious 
causes  of  suspicion  among  designated  patients,  but 
wliic-lt  c.innol  be  leferred  tor  to  a  corresponding 
normal  material  for  comparison  in  order  to  decide 
U>  what  extent  deviations  from  accepted  stand, irds 
are  really  patiuilogical. 

lixaiiiinalions  by  means  of  advanced  and 
LViniilicaled  inelliods  Jevelojied  for  diagnoslie 
/lurfjoses  in  real  yalieiils  are  likely  to  confuse 
rather  than  to  entighl  unless  the  investigator- 
know;,  exactly  why  the  procedures  are  lequiied  in 
order  to  reveal  conditions  wliich  might  |)ut  tire 
pcMsonnei  at  art  occupational  risk,  and,  how  the 
evidence  should  be  interpreted  anrl  ii.scd  in  an 
operatitJnal  perspective. 


Manag«m«ni  and  R»t»ntion 

With  respect  to  heallli  iminagemcnt  and  retention 
the  over-all  picture  of  vital  sl.ilislics  for  Norway 
is  already  presented  in  I'ig.l.  However,  Ijr  order  lo 


illustrate  important  aspects  of  public  lu-alth,  it  is 
nece.ssury  to  break  data  down  in  order  to  identify 
major  causes  of  deatlr.  Tlio  results  as  presented  in 
Fig.s.  2  and  3  show  cardiovascular  diseases  and 
malignant  neoplasms  to  be  tlie  main  killers  in  both 
.sexes  and  at  all  age  groups  above  41),  The 
differences  belween  the  sexes  are  also  apparent. 
Likewise,  violent  deatlrs  is  sliown  to  be  a  .sizable 
problem  (Table  4). 


l-ig  2.  Sex  and  age  s|)ecific  death  rales  Norway 
I'Wl  due  lo  cardio-va,scular  disea.ses  (L’^-ilhs  pi-r 
100  000  pojnilalion). 


in  many  c-arses  untimely  morbidity  and  mortalily 
are  pivvenlable,  particularly  if  a  dcleriiiincd 
effort  of  Intervention  is  made  early  on.  In  fact,  llic 
one  thing  that  llighl  surgeons  are  able  lo  do 
sucee.ssfully  is  lo  think  health,  not  disease  troin 
the  day  of  .seleclion,  intrrrducing  life.slyle  measures 
ami  infurniatiun  aimed  at  delaying  any  disease 
process.  Moreover,  those  mentally  and  jiliysie.illy 


l-'lg  3.  Sex  and  age  speeifie  rieatli  rates  Norway 
I WI  due  lo  malignant  neoplasms  (deallis  per  100 
IK'O  pojnilulion) 

fit  are  less  vulnerable  to  dise.ise,  and,  lliey  are 
less  likely  to  e:<lriliU  .sevt;re  seipialai'  after  illness. 


Table  4.  Sex  and  .sjHvifU’  eases  i>l  vic»U'nt  diMth 
(Norway,  1V91) 


Cause 

1’ut.ll 

0  -  1.1 

“ '  m" 

years 

Y* 

IS  yi'ars  .>nd 
aln.v.. 

M . I-- 

Accidents 

17H() 

50 

24 

1()()3  723 

Injuric.s  * 

2.T 

- 

- 

Ih  7 

Suicides 

(.75 

4 

1 

4yr.  175 

1  lomicides 

(.(' 

T 

44  17 

Therefore,  delermined  inlerveiUion  is  real  lu'all)\ 
nuina^emenl,  besides,  it  );really  helps  niedieal 
deeision-nuikinj;  because  of  an  easier  lei'iivei y  and 
a  more  predictable  proj’iiosis.  In  /ihi,  the  fh'iioU  of 
lime  Ih'tweni  20  unit  ■h'l  ((i/is/ih/lc  a  cruriiil  pnitht 
of  tiuriti^  «)/nV/f  the  lifolult'  is  likely  to 
iiifiueiur  the  u^eiu^  ;>/<Ht'ss.  lTn\henmue,  in  out 
experience,  personnel  whose  occupational  success 
depends  on  physical  and  mental  fitness  i<‘sponu 
well  to  suitable  Iraininf;  prr^^^rainines.  ihese  are 
reasons  wliy  tlipjit  sui'p,eons  should  concentrate  on 
l\ealth,  not  disease.  Keli'ntion  is  'juUe  another 
mailer  since  wc  are  really  di'aliiip,  with  someone 
wlui  has  beeit  ill  already.  The  latli-r  may  he 
treated  by  any  qualified  physician,  inu  lor  the 
.iviator.s  lulure  career  the  result  of  IreatUK'nl  i.s  to 
be  i'vaUialeil  by  specialists  in  aviation  medicine. 
A^ain,  praclilioneis  of  iitililary  aviation  medicine 
should  not  indu4;e  in  the  tiealment  of  patients,  but 
rather  evaluate  recovery,  it  is  iar  more  important 
for  the  Ilij.'hl  surj’.eon  to  carelully  con.sider  health 
than  to  be  ovei -cautious  about  dise.ise. 

Summury 

At  selection  lime  many  impoitant  medical 
decisions  an*  made,  most  ol  them  ic'iyinfj  on  simple 
clinical  mclbods  such  a.s  pn'liminary  case  history 
and  physical  examination.  Information  obtained 
U‘iinj,»  .sojihislicated  laboratory  methods  may  jd^c 
crucial  infonnalion  when  results  are  evaluated 
ay,ainst  occupational  hazard.s,  but  it  is  impiutant 
to  keep  in  mind  that  such  pru<-edures  are  not 
clinically  indicated. 

Health  manajvmenl  of  Iho.si-  suceessfully  tiaincU 
is  not  performed  towards  a  backp,rouiul  of  disease 
but  to  the  Contrary,  in  order  to  promote  health. 

Retention  of  tho.se  treated  for  il!ne.‘;s  is  .i  di'cision 
of  lilness  to  fly  alter  evaluation  of  treatment. 
Clinicians  niiiy  he  satisfied  witii  tl\e  Iri.Umi'nl  of 
a  patient,  fli).;lu  surgeons  may  or  may  not  be  luippy 
with  llie  result  evmsidering  the  occupational 
hazards  ol  iniliiary  aviation. 


U  follows  tnal  selection,  health  management  and 
retention  of  aviators  are  in  princi[>l<' 
considerations  i>f  h<*allh  not  of  disease. 

Lxaminalions  performed  oi\  asymptomatic 
military  aviator.s  using  di<ignostic  high 
teehnolt>gy  instrumentatiun  may  not  contiibutr 
c.ssentially  to  medical  decision  making. 


i 
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SUMMAltY 

I'.wchologic  III  ncuioti.Hycluilii^iL'  coiisc^iiuiilcs  uI'-scvcic 
ulu.scd  iiijuiY  Ituvc  icccivcii  iiiuch  uUcntioii  in  NiUi 
cluuuul  unU  cX|H.-iiiuculul  MuUic.s.  Ncvi:i(ltclcs>,  ii  Inis 
liccii  deal  Iv  c.sUblisliCil  iluJ  even  iniid  clo.sci.l  huuU- 
iiiiiucJ  pnticnl.N  iMuy  Ucvclnp  p.sveluilo^'c  o«  even 
psydiiuliie  K^uciuc  ul  eliuicul  icIcvuikt:.  including  |khii 
KDciul  uUiusItiwill  us  well  UK  en^iiidvc  iiupaiiincnt. 
SViupUuiu  kuwli  ii.i  di/yiiicsH,  iuli^tiu,  itiilubilily, 
iiuidiidich,  insoiiuiiii.  uiixieiy,  unU  uiiinusiu  me  ulso 
liei|i(cnltY  ic^KXled,  (lieM  lieiii)&  usually  liic  inujiH 
lailuies  oi  ]HistH:nacusHion  sviidinnie. 

Cn^oilive  iitipniiiuciil  is  le-sponsilile  nt  uticiilion  miJ 
eimtunliutioik  uipuliilily  dUotdci.s,  w-illi  euiiscx|iieu( 
(iiliieultv  ill  ictjieviiiK  ucguiu'd  iiiloniiuliun  uiul 
]x.'i  (nniuii^i  Usual  Uisks. 

l  ull  ui  xulislitcUuY  tccuveiy  lunn  Midi  sviiipunns  i. 
imiiimlly  udueved  in  lew  numilis,  sviili  |x:tsislciiec  tii  u 
liiiiiniilv  vl  with  disluid  ii.sk  liicUu.s  gcndci, 
nUliliple  liaiuiu,  Juslniv  orptcvions  head  iiijiiiioi). 

Such  iimiiiicstutiims  or  head  (iinunu  uie  :uiti.sluelniily 
dciccled  mid  [olluwcU  up  by  inemis  oI  xiKciiic 
ucuiop.sydiolo^jc  lesLs  in  lieveiul  .itiidics,  wliiK;  CT-seun, 
uccuidin>i  U)  many  AuIIkmn,  I'uil.s  tu  piovidc  lull  suuec 
plo^iiuslic  iclinbi'''lY.  'llie  lolcol'iieuinphY.siulutiv  Is 
coiiliovcisiul,  aUliuU^li  opinions  uu:  lluil  il  should  Itc 
icieiicd  In  iu  seleclej  ease's  uud  in  u  uiulliJiseipliiiniy 
nppiojieli. 

I'iinillv.  uli  iulcieslin):  and  situiilieiui!  coues}H>iuli’oce  n( 
ncinop'ivdiuloxie  lob,  tvliuviouiat  didu  uud  MR!  oi 
Si'IX' r  lhuiui|(s  eusLs  u  ucNv  li)ilii  on  Ixilh  ehnieu)  und 
ic-scmdi  u-siv-el.H  ul'thc  qneslioii. 

Mukiiiji  u  Jceisioii  wltdliei  leliuiiin^  a  iicud<iii|med  pilot 
to  lli^dil  uctivilv  OI  iiol  eeituinly  coiistilulLs  uii  uddilioiiul 
piubleiii  lui  Uiciisk  urcpilcp.sy  und  ol'oliiei  ncniiilogical 
or  ticuioMiikheuI  •  oiuplicutioiis  is  U«  Ik:  uni'tidcied 
ui  piiinmy  iiniHut.uiec  even  lin  mild  head  uauiuu  (wiiieh 
uecoimhi  7S%  oi  iiioic  ut'llie  (oUd,  KViih  mi  uniuuil 
inddeuev  ol  about  15U  jKr  lUO.llUU  [xipululioii). 
Neuiopsyeliulogic  see^udae  tliumsclves  du  icijUiic  a 
icstiidiou  t'loni  Hying  duties  lur  uiuntlM  oi  ycats  It  is 
utlviiiublc  tu  await  nuniiali/atiun  ol'neuiupsvdiolngic  mid 
ucuiopliy.siolupit  iNuaineicfs.  in  absene/;  ul'neuiuinmging 
(I.e.  Mi<l)  stKiiii,  bcl'uic  reiiuniiig  Uie  ^uitiuin  tu  lljgJn 
iietivily.  Nctuupliy*iiulugy  (IHRr,  evoked  ixilcntials) 


piuvides  cosl-cllective.  sensible  niiJ  lepiodiiethle  luunis 
ItM  diiigiiu.sls  and  lullovv-tip  and  ils  value  could  Ik: 
iKKisted  bv  the  iu)plitiila(iui)  ol  an  imlividual 
nciiiopliy.siolugicai  dululxise  lui  all  Die  IlyiuK  )>cisouiiel 


I  _ liULiiUUUaM^ 

Mild  head  tinuiua  is  a  mum  lUtblie  healih  cone  mu  in 
I'iUUlH:  und  Nmllieui  Anieika.  AMliongli  dahi  on  animnl 
iiK'ideiiee  vuiy  meiirdmg  to  the  AoUun.s  il  is  ptislululcd 
Unit  ul  least  1^0  to  IM)  mild  head  iimiiies  (Mill)  iki 
lUOjKiO  )H>|)u)aluin  ikt.iu  eveiy  vem'  .  willt  a  slioiig 
pieVidciice  in  mules uiul  iu  young  individiuds.  Mill 
uppiuxiinulcly  iieeoiuit  lui  75%  lo  H2%  ol  ull  licud 
nijiiiics. 

AIiIioukIi  the  .seveic  liead  liauin  i  has  idwiiys  been 
idenlitied  us  an  ini|>oi(unl  souiecot  motui  and 
psyehulugical  disabililivs,  the  seq\ielac  ol  mild  head 
iiijmy  have  la:eii  iiiideiesImnUed  1  lus  is  taigclv  due  lo 
the  scuice  ulteiitiiiii  tiiut  syndiumes  eonunonly  hdvlled  as 
"uanpeirailiuir'  ui  "iiti^ulio>r  iieino.se.s  have  leecived  ui 
ilic  lilciuUiie  until  lew  yciu.s  ngo. 

II  IS  now  item  Uiul  anxiety,  nisonmui,  inilabilily, 
di/yiness.  laligne.  as  wd)  as  u  cognilive  inipainneui  can 
develop  us  a  euuNcqiionce  ol  ii  MI  11  (Pu.sl>(.'oiicussiiiii 
.Syiidioine).  it  siviiis  that  Ihusc  in  dau^leioiis  (A;ciipuli(Mis 
tiic  at  liiglici  lisk  lot  siicii  a  syiidioiiK'  .  Usiuilly  these 
inuiiilcstulious  (end  to  icMiivc  within  3  lu  U  moitlhs  tiuui 
tlie  tiauiibi,  with  u  p<nsi:.leiisc  in  u  uiinoiily  i]rea:ic;* 


TAlH.i’  i 

-  A|(c  •  <10 

- 1  inale  gendei 
.  vieohul  abuta: 

•  I'lioi  head  Uaumu 

-  Multiple  liutinm 


(it  a  SynifHJiium  tm  7/a’  ('llnliai  ifuiLs  fur  AenfmolUul  Ih'ciUoH  MukinH  ‘>  A/n//  l9V'f. 


h 


I 
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^cnciuliy  cimructcii/cil  Uy  (Jistiatt  iuclots:  ugc  ovci 
40,  tcnialc  gciidci,  ulcohol  ubusa:,  piioi  head  injuiv  and 
multiple  Uuiuiiu^  Ouhle  I).  Dintcul'ics  in  u^scKiiing  the 
exact  lisk  tor  .Ncguelue  ufuiiy  kind  t'ollowing  u  MIU  uiise 
t'ruiii  Utc  luck  ofu  pieciM;  ugrcLMUciil  among  die  Atilluns 
on  wlien  a  )icad  iraiuua  c{im\iid  lx:  classified  us  mild.  Hie 
clussiiiudion  etitetiu  for  Mill  geuorully  include  u  closed- 
head  injiuy  (CIll)  witli  an  initial  {Kiiud  of 
lUKoii'aiiouMicss  lusting  less  tliuii  20  tu  30  minutes 
uccorJing  to  dilVeicnt  AuUiors,  no  detetiorulion  iVom  an 
udnu.isioii  CtlusgowComu  Scale  (CiCS)  scorc^  of  13  to 
15.  no  Cuniputcd  Tumugi  upliy  (Cl  )  evidence  of  an 
inliueninial  mass  lesion  (with  the  excepliua  ofu  punctate 
hciuonhuge),  and  no  inlinemuiul  complications  such  us 
hy]H)xiu  (l’aO]<t>t)  umi  llg)  oi  shock  (systolic  blood 
piessuie  <  ‘jO  nmi  Ilgl  (Tithh*  2) 


lAULliS 

Classilicutmii  ci ilejjHj<ji_MjLU 

•  t.t)C  Jiiialiun  ^  30  nim 
'CCS  scoie  (l.^-15) 

•  Nv)  mu.s.s  lesion  un  CT  .scan  (except;  }miiclale  liemoiihagc) 

•  No  hypnxin  (I'n  •  {>0  innil  1^;) 

•  No  shock  (systolic  bhK)'J  piessiiic  «•  ‘)0  iimillg) 


1-1^  I  <  di«wi[tK>i|  llic  ai  :u.i  iiuul  licquciUly  involved  in  MMI 

tliim  icI  14  ,  oiixjilicd] 


The  exact  site  of  biaiii  duinage  in  Mill  is  still  mutter  of 
discussion  (tig.  1 ).  Many  dilfcteiU  mevliunisms  have  lH:eii 
IHistululcd  to  explain  gros.s  ui  subtle  delieits  tliut  cun  l>e 
detected  uller  u  Mill.  Hie  sheai-stiuin  model  may 
account  for  inuny  of  nemulugie  and  liehuvioiual  u.s]>ects  of 
Ml  if .  1  hi.s  model  suggests  that  ucceleiutiun-dceelerution 
injuiics  pioduce  axuiuil  teuiing  and  ncuml  degcneialioii 
in  u.secnding  or  desecndiug  tracts  of  the  bruin  sa'iu’'  or  in 
the  while  mutlei  ofbiuin  Itemi.sphere.s.  linconsciousne.ss 
IS  liyixillicsi/ed  to  Ik  gciienited  hy  a  lupid  movement  of 
Die  hiuin  inu.ss  williin  the  skull,  with  a  sli etching  and 
leuiing  of  tilKis  and  inipucl  damage.  11a:  linding  of 
micto.seupic  lesions  In  Die  niedullu  and  {>ons,  pnmatily  in 
llie  uioi  Ilf  losUul  pyiumids,  secims  to  siipixiil  thi.s 
hy|K)tliesis.  Ihuin  stem  axonal  degeneration  was  observed 
in  monkeys  with  uceeleiuliuii-deccletutiun  iiijiuies, 
unulogou.H  to  MIU  in  hunums'^.  l>t))K*nheimei'  foiuid 
similuj  lesions  upon  ]K.slmuitem  exuminaliuii  of  iKUjile 
who  hud  sustained  Mi  .  I'tic  paDiologicul  Imdings  hnve 


been  difi'ereiUly  us.sociuted  with  neuiopsyehologic  ami 
neurophysiulogicul  aspects  of  Mill- 
Neniupsycholugic  sequelae  as  well  us  neurophysiology 
und  neuroiimigingol'MIU  will  Ik  exuiniiied  in  the 
following  scctiuii.c.  It  must  Ik  luiiieipiited  tliul  reference 
will  he  ullcn  made  to  moderate  or  severe  head  lujui  ic.s  to 
)X)iii(  out  the  s|Kcilie  sensitivity  und  reliubilily  uf 
dill'ereiil  diuguosiic  uppiuuches. 


NEUROP.SVCHOLOCIC  SEQUELAE 


Sonic  liSjKct.s  uf  the  nuinetous  nemopsycliulugic  sequelae 
of  Ml  II  imiKt  he  stressed  due  to  their  rclevunei:  fur 
uiieicw  enicieiicy  und  Ihglil  .-iafely. 

Mi;Mt)UY 

Meinoiy  ini|Maiiiieiii  i.s  u  cuminoti  cX]Ki  ienco  for  licaU- 
iiijuicd  people.  DilVicullieK  enuiKling,  .stoiiiig  and 
ic'ti  ieving  new  inibtmation  can  t>ersist  long  atkr  u 
saiisluctiuy  rccoveiy  of  geneial  intcDcctnul  fimeiioiiing. 
Incidence  of  {Kiiimncnt  veiled  uiut  visual  mcmoiy 
iinpaiiiueiil  vuiics  fioiii  25%  to  4K%  in  mudeiutelv  or 
.severely  head  injured  putients"  Severe  memoiy 
lielicits  cun  Ik  found  despite  Wcclisler  Vcrlxi)  und 
IVifuiuiuiicc  liitclligcHCc  Quulieids'^  williin  the  nonnul 
luiige'*. 

(liniuetciiKtiuilly  luiUlly  lieud-injiued  palieni.s  show  little 
delieits  in  iinnicdiutc  recall,  while  delayed  memory  alter 
u  |Kii(>d  of disli action  is  .signiftcanlly  impaiied  us 
compiucd  to  contiols’ One  of  the  most  .»a;nsiuvc 
test  ti»  detect  such  im|)atiinent  is  tiie  Vcrliul  Selective 
Keiiiiiiditig(VSK)  proceJuic'’*.  Ihrs  te.sl  i.s  licqucntly 
employed  to  evuliiute  long  term  veihal  mcmoiy,  an  uhiliiy 
that  dciKiids  on  the  integrity  of  lem)K)iul  IoIks.  It  consists 
ofa  12-word  li.st  administered  over  12  liiuW.  On  cticli 
liiid  the  exuiiiinei  picsents  only  those  words  which  lire 
|iuliciit  failed  (u  iccal)  on  the  preceding  triul.  A  delayed 
iccull  tliul  is  given  .to  minutes  ullct  compUuion  uf  the  12 
tiiiil.s. 

l.ong  teim  mcmoiy  for  nonveitia)  infoimuliun  ciui  Ik 
u^isesscd  Uuoiigh  lui  uimloguc  of  the  VSR  lest,  the  pulicnl 
is  asked  to  lecull  a  siKiliul  eonJ'iguiuiiun  of  eight  muihUvs 
on  u  iHHird  con.si.sliiig  of  lb  locutiors,  with  u  deluyea 
recall  tiiul  given  .to  miuuK's  niter  c<itnplc(iori  of  the  12 
tiiuls. 

Ill  .shod  lcriii  follow-up  ( 1  to  3  iiuauhs)  Ihe  head-injured 
group  cuiisUuilly  cxliiiiitcd  defective  baseline 
iKifuimuiice  oil  all  such  te.<ts  but  the  ]KicuiUage  of 
IKilieiil.s  iKifonniiig  worse  than  conliol  groups  was 
gicati -St  lor  long-teiiii  mcmoiy  procedures. 

Mcmoiy  iin|HiiiiJieiit  a.s  u  sequela  of  Ml  11  seem  .  to  Ik 
somehow' Knkcd  tu  ixist-Uuumutic  unuicsiu,  a  (Kiiod 
during  which  the  patient  is  unable  U  store  or  to  tetiieve 
duy-lo-day  infoiiiuiiiiHi,  including  oricnlulion  tu  time  und 
space  tts  v/cll  us  events  inunediulely  preceding  of 
ioUuwiiig  tiauma  (ic.s|Kctively  iclrogrudc  und  anteiogiude 
iuiine.shi).  RosMi'uuniiilic  amnesia  duiutioii  of  more  Uiun  2 
W'ceks  i.s  i)iog,iiustic  of  pinionged  or  |Knnunent  nieiuuiy 
deficits' ''  ” .  UciicniUy  icm^xiral  or  frontotemiKrul  ie.siom: 
iiic  consideicd  the  most  dungerou.s  for  u  piolungcd 
mcHiuiy  iiii)uiii  incut  nniufioi'  and  severity  of  memoiy 
iininiirmcnt  following  inodctule  or  seveic  head  injuries 
uic coiTclutcd  to  (iCS  .seoic  wiUtiu  24  hours  ufinjiuy, 
diirutioii  of  iiiqiuiicd  Lunsciuusiiesx  uiid 
ucnluecpluilie/oculuvestibulur  lestxmscs^'  .  Noii- 
iciiclivc  pupils  duiing  the  acute  state  uf  injury  hus  Ikch 


also  ussociuted  willi  uti  iiicrcuscd  incidence  ortneinoiv 

MciUul  .siowncy  id  dclkit.s  in  Ibeii  mg  or  inainuiitiing 
uUciUion  urc  ri.  j  to  each  ottn'i  and  boUi  ure  rrcquciit 
coinpluiaia  of  head  tiijuroH  {KiiieiiU.  Oneo  again  tl^cse 
(>uticiUs  tnuy  full  in  Uie  average  i.mge  of  intclUgcucc  and 
&iiiiultaiu:on.s]y  }x:rtbnu  con^isiicntly  Udow  il^e  level  ul 
non  injured  controls.  As  tlic  dcinunU  of  a  Ui  ik  increases 
(uciital  .slowncs.s  Ix^conics  more  evident,  c.g.  ])ayin(; 
attention  to  (luce  dimensii'ns  of  u  stiinulus^^.  A  divided 
uttentioii  dcilcit  (defined  a;:  >:lowucs.s  in  consciously 
controlled  iiitonnation  processing,  an  inubilil>  !•>  process 
multiple  bits  ofinfonnation  rapidly  luid  easily)  was  found 
by  Sluss  et  al.^^  1  ' «  study  conrirmcd  (hut  tu.sks  of 
divided  altcnlion  are  veiy  sensitive  to  the  otfccls  of 
Injiuy,  even  in  mildly  concussed  or  uppan^ntly  lecuvcicd 
[MitieiUs’^^’.  A  focused  allentiun  deficit  (defined  us  (lie 
inability  to  suppress  an  automatic  icsjKin.se  when 
cuntlicting  ie.s)X)nsc  is  deniunded,  or  us  the  unneeessuiv 
piocossiiig  of  redundant  infonnation)  was  also  found  by 
the  Authors.  *ilie  patients  scented  to  Ik:  less  able  than  the 
conirol  gioup  to  ignore  ledundunt  infonnutiuii.  ‘I'he 
Autiiors  .suggest  that  head  injuied  patients  cun  rise  to 
meet  Uie  denauids  of  a  focused  att;iUi(tn  tu.sk  lull  uic 
tncousisiem  in  muintainiiig  an  oplinml  level  of 
{tei  fotnmnee. 

ilic  fASAT  test  (faced  Auditory  Serial  Addition  Tusk)^" 
IS  sensitive  to  utteulional  deficits  for  all  seventy  injaiics 
uui  is  u  good  muiker of  lecovery  in  Mill.  In  ilii.s  lest  the 
p  Uient  pays  uUention  to  a  list  ol  mmiltets  pieseutcd  on 
tuiK:-reu)ider.  He  is  ic«.|uircd  to  add  each  figme  to  the  one 
inunediaUdy  pieccding,  witli  die  siieed  of  piescnlaiiou  of 
the  digits  jaogn's-ively  iiicrcasing  (c.g.  he  heur.s  "5"  and 
".V  luid  answers  ’8";  tlicn  lie  lieau  V  and  answcis  "o  ') 
Lmpuinnctil  on  this  task  has  been  demonsualed  U])  to  5 
veaisjKKn-trauinu  (ironwall  and  Wrightsou 
suggested  (liut  Mill  significunlly  ivduce.s  iho  caitocity  to 
jiroces.s  infonnution  lapidly  und  that  delkit  in  infonnutiuii 
storage  and  leUieval  me  cxuceilKiled  by  sticcesstve  injiuy 
Keaeiion  time  tusks  ujc  usually  altered  in  bead 
injuied  patients,  es|>eeiully  if  dilVcieiit  or  multiple  stiniuH 
aie  pre.senled  at  llic  same  tiine^'''  Uiiving 
|x:rfonnance  i.s  an  excellent  exainple  orsueli  iinpfinnient 
and  will  Iw  di.sen.ssed  later. 

The  niechuiii.sin.s  liy))Miiiesi/ed  for  (his  kind  of  damage  are 
either  u  degeneratioii  ui  the  white  mutter  or  u  ditfusc 
axonal  injury. 

VlSUOMOTOli  AUIMI  Y 

Van  /Amiercn  und  Deehiiutr''^  perfunned  a  2-veai  i'ollow- 
up  study  on  u  group  or57  CIU  young  male  pul:-.Mits.  The 
gioup  N^us  divided  into  llmee  subgrenp.s  aecdi  fling  (o 
.severity  of  traumu  (mild,  moderate,  or  scveie)  llicsc 
patients  were  lesterl  fur  reaction  lime  on  Iwlii  siniplc  and 
four  choice  visual  reaction  task.  Hic  apparatus  wu.s  made 
of  a  |>unel  with  u  vertical  row  of  four  white  lights,  placed 
next  to  four  black  pushd)Ulton.s  (in  the  .simple  reacliun 
lest  only  one  light  and  one  bullun  were  visible),  futients 
were  u.sked  to  pu.%h  the  button  next  to  the  presented 
stimulm;  us  quickly  us  possible,  llie  ciVeel  of  gruu|)s  was 
found  to  be  signiilcant;  tlie  overall  reaction  limes  in  eacii 
of  die  groups  were  386. 4U5,  and  465  ms  (nnllisccoiids). 
llie  interaction  of  groups  und  coiiiplcMly  was  also 
signiliuuU,  as  the  difterence  of  raiJion  time.s  lietwocii 
simple  und  choice  leaction  tusks  was  108, 228,  und  269 


ms  res|x:ctiveiy  in  mildly,  modcralety,  und  severely  head 
iiijuicd  })aticti(s.  During  llic  scheduled  roliow-up.  reaction 
time  on  choice  rcuelioa  decrea.seJ  more  rapidly  for 
llie  MJ II  subgroup  as  eom|uired  to  the  moderate  head 
injury  subgroup,  und  for  this  subgroup  us  c(  nured  to  the 
severe.  Rcoclion  time  cuivo  on  simple  reuetn  -  bisk 
sliowed  a  similar  decrease  but  at  liistei  pace,  this 
increu.siiig  Uicgupon  Uie  complexity  of  tasks  lK:lwuen  (lie 
.subgroups.  A-s  (lie  lesiills  of  this  test  sugge.sied,  reaction 
time  tasks  can  discrimiiiulc  bolweeii  grades  of  seventy  ol 
licad  injury  and  coiiiplexity  of  tusk  enhances  Die 
sensitiveness  ol  (he  test,  (bxovciy  cm  vc.^;  for  the  mild 
licad  injured  sulrgroup  up]>ronched  the  usyinpiole  in  few 
luuiiUis*  alter  (luiuuu. 

Ill  a  driving  ability  test.  jKrfonned  2  yeur.'i  ix^sl'injury  on 
siwcrc  injured  luilieiils.  a  .signilicant  dillhicnce  was  found 
from  eontiol.s  m  tenas  ofshilting,  btukiiig,  dodging  cones 
on  u  slalom'^,  .'fiinilur  lesiiUs  were  ucliicvcd  by  Van 
/.omeien  ct  al. '  on  pulieiits  who  .susl.iineil  sevcic  head 
iiijttiios  several  yeuis  earlier,  l  licsc  piitii'iUs  were  asked 
to  drive  im  iiisliiiinented  cut  that  rocoidcil  luteral  iH^sition 
conlfol  on  a  highway  hack.  Hiev  malclicd  }>y  iigc  uiul 
di  iving  ex|>ei  ience  to  u  control  gi  oup.  I  he  foi  met 
])erfoiincd  woi.se  in  the  diiviiig  tusLs,  us  well  us  in  u 
iiciuop.sychi»li)gic  tc.sl  balteiv,  despite  the  long  inlei  wils 
since  their  injiuio.s.  Alihougii  these  data  refer  to  severe 
head  iniuiic.s,  visuomoloi  piolilem  solving  skills  .■-x:ein  to 
Ik;  highly  cunchitcd  willi  eognilivc  functioning  itller  u 
Mill. 

1’1<o]ii.i:msd!.vin(: 

Concept  loiiniuiuii  imd  llc-xiinlily  in  }Hol>)em  solving  i.s 
gciiciallycotisidcicd  a  meusniw  of  orbilodiontiil  and 
icmpoiul  lot>cs  fmictioning.  ]>iirn.sc  while  mallei  damage 
lm.s  uhsu  liccn  hyiK>thesi/ed  to  inleifeic  with  fionial 
coiioeotitins  and  .sulKoitical  .suuclmc.' Wnx;onsin^  and 
Motlilicd'’  Ciud  Sorting '( csts  ( MCS I )  can  l»e  employed 
to  evaluate  problem  .solving  captibililv-  n)o:;c  ))rtM;ediue.v 
asc  cards  Umt  viuv  along  (he  three  diinensiui  '<  of  coloin, 
foiin,  and  imml)ei;  ti.e  }>uhem  is  asked  to  detcinnne 
vviiich  sorting  rule  is  coiiecl  bused  upon  the  feeillHick 
given  by  the  cxuniinei  ullcr  each  iiiul.  ilic  sorting  lule 
changes  alter  a  .scvcml  cuiicct  .sorts  Head  injuied 
)h;is(mis  lend  to  imike  |>crsevcnilion  ciior.s  (.slaying  with  a 
pievioiisly  rcinfoiccd  rtile  despite  negative  feedback)  und 
generation  of  few  hypotheses'"  llie  MCSf  is  k\  iiciully 
ciiipluycd  along  with  the  lost  of  veilxil  lluency  ,  which 
i*'  'hoiight  to  CNploie  lelt  frontal  lobe  functioning,  and  the 
lest  of  desig.*!  lluency*' .  which  i.s  (houglU  to  explore 
right  frontal  lulie  fuiiclioning.  The  fntnier  consists  in 
gencialing  words  Ivgiiming  willi  a  designated  lellci 
within  a  lime  limit  ufCt)  .sixuttds.  while  the  latter  eoiusists 
ill  inventing  de.sigiis  that  cun  not  U:  nuincd,  making  (hem 
dilferent  from  the  original  designs,  imJei  iiined 
eondiiioiis. 


3  NFCIROlMACiNG  Ol  Mill 

Computed  (omogiuphy  (C'i )  semis  mu  roulinui  ily 
|H:rfoinu;d  m  ciucrgcncy  dctnuuneiit.s,  [nminu  eeiilcis  oi 
nciau.suigical  units.  C  l  is  uf  great  value  in  detecting, 
lesions  requiring  neurosurgical  intervention,  .such  us 
epidural  orsubduiul  licmu(uinu»  or  iniraparciichymul 
liciiionhages.  Ncveitjielcss  it  fails  to  provide  useSu] 
information  ulrout  primary  cerebral  dumage.  iVimury 
iiitni^wunctiymul  lesions  me  nonnuliy  scon  only  in 


Ii(4 

scvcTcl'  mjural  patients.  Magnetic  resonuticc  imaging 
(MRI)  w^nsitiviiy  in  detecting  primary'  brain  damage  is  ui 
least  iv.icc  as  higli  as  CT  .  Jcid:ins  ct  studied  50 
patients  with  closed  head  inju'  y.  Of  these  patients  4  did 
not  lose  consciousness  at  all,  4  were  fully  conscious  by 
Uic  time  of  admission  to  hospital  (GCS=IS),  14  liada 
(iCS  score  <8,  and  28  a  GCS  score  between  9  and  14. 
Forty-six  patients  h^d  an  abnonnality  shown  by  MRI 
(lesions  involving  the  cortex  in  44  •  in  isolation  in  14  and 
with  Ollier  lesions  williin  the  parenchyma  of  the  cerebral 
hemispheres  in  30).  CT  scans  detected  ahnormalities  only 
111  25  case.s  (23  liad  cortical  contusion,  23  a  lesion  in  the 
subcortical  white  matter,  3  hud  deep  lesions).  MIU 
Oiidings  seemed  to  correlate  pretty  well  witli  tire  level  of 
consciousnc.ss.  All  4  patients  without  loss  of 
consciousness  hud  a  conical  conlu.sion  but  no  deeper 
le.sions.  liigld  patients  lost  consciousness  for  less  titan  5 
minutes;  0  had  cortical  lesions  and  i  had  intracerebral 
lesions.  t.)r31  patients  who  had  an  imjKiinneiU  of 
consciousness  lasting  more  than  5  minutes  29  lutd  cmlical 
lesions  and  24  had  subcorticul  or  dcc]v:r  parenchymal 
lesions.  It  is  interesting  to  notice  tliat  all  8  patients  who 
recovered  full  consciousiies.s  liud  conical  lesions,  but  no 
lesion  in  Uic  white  mutter  or  basal  gaiigliu. 

I>cvin  ci  al  studied  2U  patienis  with  mild  or  lU'xlciUte 
(CiCi'  between  9  and  12  irrespective  ol’Ci  findings) 
head  iratuna';  17  had  lc.sion  that  were  visuati/ed  hyMRl 
hut  were  undetected  by  CT,  including  8  patients  in  wliom 
CT  showed  *'o  evidence  of  an  iatrucraiual  lesion  and  nine 
ill  whom  MRI  i  evculeu  Icsion.s  in  addition  to  (hose  found 
on  CT.  A  disparity  of  CT  and  MRI  findings  ubout  tiic  size 
ofiiilrucrimiul  lesions  was  oho  dc.scribcd  In  Uiis  study 
Levin  ct  at.  investigated  Uic  rclationsliip  between  MRi 
and  tieurobcl'.aviourul  si.^quc]uc  of  head  traiuna.  h'rontfll 
iolK  lesions  were  JincrciUially  related  to  die 
impoverished  gaieiatiuii  ofnovel  responses  and  to 
increased  perseverutivc  errors,  and  temporal  lobe  lesions 
were  associated  with  dispro{)oiiioimtc  impainneiit  of 
longdenn  memory.  Reduced  verliul  llucney  was  common 
ill  patients  with  led  frontal  lobe  lesions.  Rarcnchyinal 
lesions  resolved  witliin  I  to  .3  inontlis  and  this  was 
paralleled  by  improved  iKTloniumce  un 
ncurupsycliological  test  and  resumption  oftionnul 
netivities. 

Few  studies  liave  investigated  tiic  correlation  between 
regional  cerebral  blood  How  and  neuropsychological 
iindiiigs  ol  head  injuries*^-*’ .  tXlcr  ei  al.  ]x:;ionncd  a 
Single  I’hoion  luni.ssioii  Computerized  'i  omography 
(SlMiCT)  on  severely  head  injured  parents.  Tlic  values  of 
regional  blood  How  were  correlated  to  bclvwioural  and 
psycliusociul  cvnl’jution  of  (.be  same  patients.  A 
signiticunt  eorrclulioii  was  found  between  low  regional 
cerebral  blood  How  in  fronUl  lobes  and  disinliibiiivc 
beluviour.  i  Uglier  icU  ccicbral  hemispheric  flow  values 
were  as.sociatcd  wiUi  worse  social  role  functioning, 
iiiuybe  due  to  Uic  patients'  deeper  uwarencss  of  their 
residual  deficits  and  problems  in  soiual  adjustment,  and 
coiisecpier.t  withdrawal  from  social  inleracUons  us  tlic 
easiest  coping  strategy  available  Low  flow  values  of  rigid 
bruin  regions  were  associated  with  aggressive  bcliuviour 


4  NEUROPHVSIOLOCV  OF  MHl 

Hie  neurophysiological  approach  to  the  hcad-injiacd 
subject  mainly  include  clecirocnec^iaiogiapliic  (EHG) 
and  evoked  potentiaLs  (F!P.s)  examinations.  For  instance. 


it  was  shown  Ihct  the  bEG  pattern  correlates  well  with 
ccrcbml  blood  flow  (CHF)  and  metabolism  (CMR)  under 
nonnal  physiological  conditions'*^ ,  even  if  in  die  acute 
phase  after  brain  injury  tiierc  is  oilen  hyperemia  in  spite 
of  reduced  cerebral  fimction  -  and  slowing  of  the  EEG  •. 
i.c.  an  uncoupling^’^^ .  In  tlic  later  clironic  phase,  tlic 
coupling  between  function  and  blood  flow  is  restored, 
lluec  mainly  neurophysiological  approach  will  be 
considcic  conventional  EEG,  quanlified  EEG  (QEEG) 
and  EPs. 

CONVENTIONAI-  EEG 

Conventional  EEG  monitoring  in  the  acute  state  provides 
valuable  infonnation  about  changes  in  Uic  level  of 
consciousness,  witli  certain  typical  features  Uiat  are 
related  to  Uie  course  und  to  the  outcome  of  head  iiijiuy^ . 
Irrespective  of  the  patliophysiological  iiicchaiiism(s) 
underlying  llie  neuronal  damage  in  head  injury.  EEG 
abnonnaiitics  can  occur  for  lesions  boili  of  tiic  brain  and 
of  its  protective  coveri  'gs,  and  may  be  due  to  both  difl'usc 
and  focal  changes  which  may  voiy  from  one  moment  to 
another  Ihcy  de))cnd  on  ilic  time  from  Uic  onset  of 
injury,  its  evolution,  the  uppearance  of  couiplicniions,  and 
above  all  on  the  patient's  level  of  consciousness,  llie 
following  arc  some  conventional  (visual)  EEG  features 
mostly  occurring  in  severe  head  injury^^. 

Generalized  abnonnaiitics:  they  include,  in  order  of 
decreasing  severity.  elecUical  silence  (brain  death); 
dilTusc  depression  with  bursts  of  .slow  waves;  generalized 
slowing  (witli  los.s  of  cleai  spatial  distribution  of 
rhytluTis);  slowing  of  tlic  ulplia  rhyllini  (alpha  coma  with 
iinifonn  8  c/sec  rhyllun);  generalized  fast  activity;  dilTusc 
spontaneous  spike^and  -wave  activity.  Hie  lost  one  occurs 
only  in  cliildren  and  if  it  appears  after  Oic  age  of  1 5  years 
a  post  or  fumih'  hi-  ^ry  of  epilepsy  should  be 
investigated 

Localized  abuo.  ^lilies:  focal  reduction  (amplitude)  of 
alpha  rhytlun;  localized  nallcniag;  localized  change  of 
alpha  frequency;  localized  slowing  (theta  and  delta 
waves). 

So-called  "initutivu"  abnommlltics:  isolated  spikes; 
olcctrogruphic  seizure  activity  (priniurily  or  secondarily 
generalized,  with  marked  asyinnietry  imd  focal  depression 
or  slow  waves). 

Tysvacr’®  has  recently  studied  Ml  11  examining  active 
football  (soccer)  players  and  fonner  players  of  the 
Norwegian  nulioiiul  temn  with  conventional  EEG 
evaluations,  finding  a  higiier  incidence  of  ubiionnalitics 
in  lx)Ui  groups  Ilian  in  eoiUrols. 

Rost-traumotic  epilepsy  (P  I’E) 

PI  T.  is  one  of  tlie  most  common  and  serious  late 
complication  of  head  trauma. 

In  dilTcrent  studies  Uie  rate  of  PTTi  among  the  several 
types  of  epilepsy  ra«gc.s  from  4,3%''  to  23%'^ .  Incidence 
in  males  IS  ul  list  twdce  os  higli  as  in  females.  War,  home, 
sport,  industiiul,  and  mainly  traffic  accidents  are  tlic  most 
frequent  causes  of  head  traiunu  and 
Head  injuries  have  complex  ineehuiiisms.  Hie  damage  to 
die  biaiii  tissue  may  be  much  more  widespread  witli 
renpcct  to  wlial  the  clinical,  EEG  and  CT  scan  findings 
may  suggest. 

U  is  very  important  to  underline  the  diflcrence  between 
the  tenns  epilepsy  and  seizure  and,  tliercfore,  post- 
traumatic  seizures  (PTS)  and  Pl'E.  In  fact,  epilepsy  is  a 
dironic  brain  disorder  characterized  by  rccuircnt  seizuics. 
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whereas;  a  seizure  results  from  an  excessive  neuronal 
discharge.  Any  single  epileptic  seizure  ailer  head  injuries 
is  not  PTE  but  either  an  immediate*  early,  or  late  PTS. 
Chronically  repeated  seizures  may  be  considered  Pl'E. 
Although  there  is  an  overlap  between  the  Uuce  types  of 
PTS,  they  have  dilTcrcnt  characteristics  in  terms  of  onset 
aHci  head  trauma,  triggering  factors,  patliophysiological 
mechanisms,  age  dependency,  clinical  course, 
responsiveness  to  antiepileptic  drugs,  and  above  all  they 
imply  diHferent  risk  factor  for  Uic  development  of  PTE. 

Immediate  ?1‘S 

Tlie  latency  from  trauma  of  immediate  PTS  ranges  from 
seconds  to  max.  5  min.,  even  if  seme  Authors  have 
considered  higher  limits  up  to  60  min.  These  seizures 
mostly  occui  from  1  io  5  years  of  age.  The  incidence 
varies  according  to  the  upper  limit  of  latency.  The  clinical 
feature  is  often  Uiat  of  generalized  convulsion.  Tliey  have 
no  ciTccts  on  PIE  development. 

lim\y  PTS 

Ihcy  occur  from  5  min  to  1  week  nAcr  llic  trauma.  25- 
3U%  of  early  seizures  occur  during  the  first  hour  after 
head  inj'iiy’^  Ihcy  arc  most  frequently  observed 
during  tlio  first  year  of  life.  Ihcy  are  present  in  the  past 
history  of  25-33^0  of  tlie  IHT  puticiit.s,  witii  a  higlicr  risk 
for  tiiose  over  16  years  of  age  and  2/3'3M  of  curly  PTS 
arc  followed  by  PTIi”  •>“  . 

Late  PTS 

'Ihcy  occur  ntkr  Oio  first  week  post-trauma  95%  of  Uic 
eases  occur  wtUiin  3  ycais  utter  the  trauma. 

Tlie  incidence  of  head  truumu  among  patients  witli 
epilepsy  is  2-3  times  as  highci  u.s  in  general  population. 
Iherc  is  u  good  correlation  between  the  severity  ofhead 
trauma  and  tlie  onset  of  seizures.  Closed  Mill  causes 
seizures  in  0.1%  of  subjeets  .Her  1  yeui  mid  0.0%  afier  5 
years  whereas  severe  head  injury  implies  seizures  in 
7. 1%  after  I  year  and  1 1.5%  after  5  years^' . 

Tlie  loss  of  consciousness  is  the  most  reliable  index  of 
bruin  damage.  Dincrcul  levels  of  consciousness  after 
head  trauma  were  correlated  to  tnc  incidaicc  of  caily 
seizuics  during  war  time  head  injuries:  alert  soldicis, 
soldiers  responding  only  to  commands,  and  soldiers 
responding  only  to  painful  stimuli  had  eorlv  seizures 
jwoportionally  ranging  from  2.8%  to  7.5%^^.  Ihe 
duration  of  loss  of  consciousness  is  also  a  predictor  of  the 
occurrence  of  seizures. 

Another  iniporta;it  aspect  to  lake  into  account  is  tlie  age 
of  occuiraice  of  tlie  tiauma.  Li  fact  Uic  up|x:r  limit  of 
latency  of  seizures  onset  is  higher  for  children  than  for 
adults*'^ . 

In  conclusion,  the  rcsk  of  developing  PIT  depends  on  the 
nature  of  head  injury,  Uie  duration  of  loss  of 
consciousness  and  of  amnesia,  and  is  much  more  higlicr 
in  severe  penetrating  tiautna  (30%  of  PTE  witliin  tlie  first 
year)  respect  to  blunt  trauma  (5%  of  PTE  witliin  Uic  first 
year). 

QHEG 

The  constellation  of  postconcussion  symptoms  typically 
reaches  its  peak  in  the  weeks  following  Uie  injury  and 
sometimes  persists  for  6-12  months.  However,  thete  is  no 
agreement  in  the  studies  about  Uic  resolution  of  these 
.symptoms  after  this  period,  mostly  because  of 
inconsistencies  and  UifiicuUics  in  the  detection  and 


quanlificalion  of  neurological  damage,  a  prcbleni  rising 
even  when  evaluating  EEG  only  with  a  visual  approach. 
The  development  of  to{)ographic  EEG  methods  with 
computer  frequency  analysis,  i.e.  QEHG,  provided  the 
possibility  of  a  more  detailed  regional  analysis  ufEEG 
abnonnalitics.  In  particular  power  spectral  analysis  of 
colicrciice  and  phase  of  the  EEG  has  been  shown  to  be  an 
usclul  technique  for  Uic  diagnosis  and  prognosis  of  head- 
injured  patients,  lliesc  sophisticated  procedures, 
involving  computational  analysis  of  Uic 
neurophysiological  signal,  were  recently  demonstrated  to 
be  an  clTectivc  tool  in  rcficcting  the  topograpluc 
functional  inliumogcncities  present  in  mild  head 
trauma*^  »**  and  Uic  best  predictors  of  outcome  at  I 
year  following  severe,  moderate  and  mild  closed  head 
injuries*’  . 

Tlie  results  of  a  recent  study*^  demonstrated  Umt  EEG 
colicrence  and  phose  discriminated  patients  admitted  to 
an  cincrgcncy  service  with  mild  head  trauma  irom  age- 
matched  normals  wiUi  liigli  accuracy  (>  90%)  at  various 
time  following  injury.  A  specific  clectrophysiologicul 
imltcni  was  present  shortly  after  injmy  and  persisted  in  a 
relatively  stable  fonn  for  mi  extended  iierioii  of  time, 
rcllcctiiig  Q  difTerence  in  the  neurophysiological 
orgunisutioii  of  the  cerebral  cortex  in  nomuil  versus  mild 
heud-injured  individuals.  Ilirce  nlusscs  of 
clcclrophysiological  fcaliucs  were  foiuid  in  Uiis  study; 
class  1  was  represented  by  local  frontal,  Icmjxirul  und 
ce(ilral-})aj  ieUl  abnoiinulilies  in  EEG  coherence  and/or 
piiase  which  involved  shoit  interclcctrode  diuUmce  (e.g., 
approximately  7  cm);  doss  U  was  represented  by  lung 
intcrelcclrode  distance  (e  g..  21  cm),  intrulieinispliciic 
}x>wer  differences  (i.e.,  froiiLil-posteriur  amplitude 
ditfereiiecs);  class  111  was  represented  by  diininiuhed 
ulplia  activity  in  posterior  cortical  regions  (i.e.,  occipital, 
imi'ietai  and  posterior  temporal). 

'lliesc  Authors  considered  tliese  3  classes  to  be  eonsistem 
witli  Uie  nieehunics  of  cerebral  trauma  which  involves 
shear-strain  and  lolationul  forces  Uiut  damage  wliitc 
mutter,  and  lucali/A‘d  cuiitusiun  of  Uie  grey  mutter:  Uiu 
localized  frontal  EEC  coherence  and  phase  uUionimlities 
arc  consistent  wiUi  localized  contusions  and  axonal  injury 
to  frontal  region,  Uie  |)osterior  cortical  dimiinslied  ulpliu 
activity  is  eonsisUml  with  "ccuiKxinlja-coup"  damage  to 
posterior  regions  and  reduced  cortical  excitability  in 
gaieral,  while  the  diininulion  of  Uic  iiitraliciuisphcric 
power  dilTerences  may  rcllect  dc'creascd  functional 
dilVerentiation  between  anterior  und  posterior  cortical 
regions.  Wlieii  Uie  pultenis  of  Uiese  discriminating  EEG 
vurtjb]c.s  were  considered  os  a  whole,  the  inu.nt  consistent 
iiitcrprcUition  was  Uiul  the  consequences  of  a  mild  head 
injury  arc  Uic  development  of  a  new  neurophysiological 
stable  state  characterized  by  a  combination  of  Uie  etkets 
oflocalizcd  contusion  and  u  diniiiiutiun  of  the  total 
magiutudc  of  fuiictionai  cerebral  difierentiation  and.  Uius, 
reduced  mformution  processing  capacity.  Mild  head 
Irouina  patients  appear  to  exliibit  2  components  of 
cerebral  dunioge:  ( 1 )  localized  dysfunctions  specific  to 
areas  of  maximal  injury,  und  (2)  u  global  or  generalized 
state  of  reduced  information  processing  capacity, 
llic  streiigUi  and  temporal  stability  of  Uie  EEG  pattern 
were  therefore  Uiouglu  to  be  indicative  of  a  new 
equilibrium  state  of  Uic  cerebral  cortex  which  allows  an 
individual  to  cope  and  adapt  to  the  envirnument  even 
though  Uie  nervous  syiAcin  has  suffered  meclianical 
damage.  An  impertant  aspect  of  this  k/pothesized 
uynomiuil  "new  equilibriuiu"  is  that  it  appears  to  arise 
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slM}rtty  aUcr  injury  aiiU  witii  only  slight  decline  in 

inagiiitudci  over  time,  llic  functional  sigiiiiicuncc  of  Utc 
relutivcly  pcimaiicnt  and  stable  1:1£G  discriminant  paltciu 
might  be  die  degree  to  which  it  allows  individuals  to 
utilise  available  cercbul  resomces.  Mor'iover.  Uie 
iicuropsycliologieai  deficits  oiiscfvcd  in  mild  head-injured 
patients  are  not  inconsistent  with  Uicsc  Q1'!EG  results. 

In  another  investigation  measures  of  conventional  liEG 
and  QUHG,  togetiier  witli  oUier  Uiugtiostiu  procedures, 
were  utilized  to  study  patients  witli  clwonie  trauniutic 
frontal  lesions^ .  A  hi^i  correlation  was  (bund  between 
lesion  volume  (incusuicJ  using  MK,  rClil',  SPECT),  but 
not  injury  severity  as  muasiued  by  coiisciuusncsH 
parameters,  and  modal  frequency  in  Uic  l;EO.  llicse 
findings  seem  to  be  contrudietory,  but  Uic  Authors 
hypothesized  Uiut  incusuriiig  injury  severity  in  tenns  of 
durutioii  of  impaired  consciousness,  a  coiiunon  index  in 
studies  on  closed  head  injury,  miglit  be  misleading  in 
eases  of  penetrating  or  open  head  injuiy,  in  whicii  loss  of 
consciousness  is  less  Luiniiion.  In  these  cases,  bolii  lesion 
volume  and  indices  of  impaired  eon.sciuusncs.s  must  be 
conuidcred  when  determiaing  the  injury  lieverity. 

Moreover  the  modal  ficqucncy,  und  to  .sonic  extent  tlictn 
power,  corrclalcd  witli  ncuiopsyeliulugknl  test  icsulls  und 
general  uutcunie  ratings. 

El's 

Nowadays  El’s  provide  cou-ellcetive,  icpiodueible, 
sensitive,  und  quiuitiUitive  extemdoii  ofthc  elinicul 
neurological  examination. 

^ja.iwrY  tulsui  iiiiii 

Somatosensory  evoked  potentials  (Slil's)  recorded  frutn 
tile  suilp  over  tlic  paiietal  regiun.s  have  been  widely  u.scd 
in  die  munugeineiit  und  luugnoslic  ussessnicnl  of  ixiticnls 
with  sevoielicad  injmy  (SUI)^' 

SEPs  allow  tile  calculation  of  the  ’'central  sonuito.sensoiy 
conduction  time"  sublruetiiig  Uie  (leak  latency  of  Uie 
ccfvicul  iKitcntiul  from  tliut  ofthc  initial  cortical  reH|xnise 
(NU-Ni^O).  Ill  subjects  witli  post  U'uunu:lic  eonm  lliis 
meusurc  is  u  reliable  indication  ofouteunic  und  on 
ussessiiicnl  oi'  bruin  damage'*^  .llieir  resisUuiu;  to 
sedative  drugs  and  tlic  relatively  long  paUiwuy,  including 
bruin-steiii  und  llialamo^oiticul  stittctures,  have  made 
Sl  ips  a  method  of  choice  in  SlU.  in  which  bi  din-stcm 
damage  is  frequent  and  reluxulioii  und  sedation  oUen 
u^ider  clinical  und  eloclrottueeplLalographic  evaluation 
din'icult.  A  quite  conunon  feutnre  in  tlie  litoniturc  on 
SliPs  in  head  trauma  is  tlie  {ios.%ibilily  in  some  patients  of 
a  good  recovery  of  clinical  symptoms  with  still  ubnonnul 
EPs.  Somatosensory  evoked  potentials  were  luund 
abnutiiial  in  a  liiglt  percentage  of  patients  with  severe 
head  trauma  ^4,8%“' . 

Most  studies  agree  Uiat  die  presence  or  absence  of  die 
(Xiiicuil  cuui|KNiuu  uf  u  oEF  over  one  or  ’oolii 
iicniisphcres  represents  die  most  inqxiiiant  single 
predictive  outcome  parameter. 

Some  Autliois  have  recently  found  an  interesting 
dissociation  of  frontal  und  parietal  coinjxiiients  of  SEPs  ia 
Slii^ .  in  (wticulur,  tlicir  results  show  Uiut  on  the  basis  of 
die  nonnal  poricUd  SEPs,  Uic  prognosis  would  luive  been 
estimated  far  too  tiivourably,  whereas  Uie  strongly 
puUiological  frotiLul  SEPa  rcflectcii  Uic  outcome  more 
accurately.  Moreover,  in  the  absence  of  purietal  responses 
the  preservation  of  frontal  SEP  components  allows  for  u 
better  outcome  estimate  tlian  would  be  suspected  from 
evaluating  porietal  resjxmscs  alone.  ‘Hie  AuUiors 


concluded  tlwt  boUi  fionUl  und  {Xirictul  coini>oncnU  us 
well  as  botli  lolcncy  and  umpSitude  of  die  frontal 
coinpuiicnt  must  be  considered  to  obtain  die  best 
prognostic  evaluation  in  SI  U  patients, 
hi  some  studies  SEPs  apiicored  to  be  more  reliable  Uiun 
auditory  responses  in  predicting  outcome  in  subject  in 
coma  due  to  severe  lieud  Eauiiiu''^  ***  . 

Abiionnul  bruin-stein  uuaitoiy  evoked  |)olentiuls  (HAEPs) 
aie  predictive  of  on  uiiluvourubic  outcome  in  severe  head 
Uaiuim. 

In  Mill  UAEPs  investiguted  ut  die  usual  stiiuulus  rule  of 
ll)/s  did  not  show  sigiiificanl  iiiten>eak  latency 
dilVerencc.s.  Increasing  die  stimulus  rate  (5S/s)  it  wu.s 
possible  to  obtain  u  sigiiilicont  but  reversible  delay  in  die 
cetiiial  conduction 

Cluuigcs  in  the  moiphulugy  and  ui  the  latency  of  the 
wuve.^  1.  Ill  und  V  (sigiiiiieanlly  prolonged)  weie  fomid  in 
51%  uf  children  iiiuncJiulcIy  uller  luuid  truiunu.  1'he 
regie.s.siun  ofthc  truiuniitiuilly-  conJitiuned  HAIvPs 
cliungcs  liegun  dm  lug  the  lii  st  duy.s  alter  Iruiiiiui  and 
fiiiislied  within  6  inoiillis  in  half  ofthc  childieii^^ 

*1110  rcliubilily  of  UAPH's  (und  also  middle  latency 
reH}>on.scs)  in  piedicting  Uie  outcome  ofucverc  head 
injuiy  ut^iems  to  be  gi cuter  than  eUier  iLsually  cun.sidered 
cliiiiiuil  und  insbuinunUil  dutu  (uge.  UCS,  CT  scon, 

llic  must  euimnuiiiy  used  puiumclcrs  to  detine  ubnoiniul 
llAEPs  uicuii  iiieicuse  in  the  wave  I>V  intctval  or  the 
loss  ofuny  of  die  tlu  ee  must  stable  comixmciUs  (I,  Ul,  V). 

llie  )xiuein-shill  visual  evoked  txileiitiuls  (Vlil’s)  •which 
use  u  stiuclmed  slimuiu.s-'  wcie  found  ubnoiinul  in  Ml II 
subject.sjust  in  little  ))ei  ceuluge  ( 1 1  %)  wiiile  the  ehiingcs 
w'crc  more  icjMescnted  in  modciutc  und  scveie  head 
iiyuiy(.vm)*". 

i'xuiiiisiiiin  iiiulimiodalily  evoked  |>oler.tiuIs  (MMEl's)  it 
lius  been  evident  (hui  the  iiiiegiiiy  or  complexity  ofthc 
ItPs  wavefunuH  upjicur  to  bv  the  ix.'st  indicators  of  Uie 
rcvcrsibilhy  of  iniury  of  tin:  CNS'*''  »'*'  . 

Picrzeluilu  cl  a\.  in  u  piospcclivc  study  showed  Uiul 
liruiii  concussion  (Mi  li)  causes  u  dilVcieiil  puttcni  of 
MMi-lPsabnoiinuIitics  rcs)>ect  to  bruin  coiitasiun.  In 
cuiicu:isiuii  Uic  liigliest  fic'quency  uf  ubnomulily  occuis 
during  Uie  fust  mundi  uUer  the  liuumu  and  the  lowest 
ineidciicc  allei  0-H  iiioiiths  alter  (he  truumu.  In  cunlu.sion 
there  isn  liiglicst  mcideiiceurubiminmlitics  during  the 
first  iiionUi  and  even  on  increase  ul  the  end  of  Uie  tblluw- 
up  period. 

Motor  evoked  wteiitiuls  (MliPs) 

MliPs  ore  generated  by  sliniuluiion  ofthc  motor  coitex 
Uiroogli  the  intact  skull.  AlUiougli  MEPs  provide 
objective,  numerical  duUi  relating  to  die  fuiiciioiiing  uf 
central  miHur  pathways,  Ebncr  and  Zcnlncr^^  showed  that 
SEl’s  arc  .sutieiior  fu  MEPs  us  piogiiuslie  indicator  of 
euiiui  ill  scveie  closed  head  truUinu. 

Cognitive  evoked  (xitcntiuls  (E veiil-roluted  evoked 
|H>(cn(iuls,  I'KIN) 

Uugg  cl  ul.^^  suggested  thul  ERPs  iniglit  be  on  useful 
mean  to  study  die  eftects  of  bruin  injury  because: 

-  ERl's  rue  icasitive  to  u  iiumbci  uf  inqxiitant  cognitive 
vuriublea; 

-  Uicy  give  u  relatively  direct  real-time  record  of  some  of 
(he  neural  events  coirclulcd  widt  test  of  ))ci fonnuiicc; 


18.7 


-  (lie  !»ca]p  distribution  ol  ubiionnulilics  niuy  uilow 
Uic  fonnuitilion  orhypolliescs  orubiiunnully  tiutctiuniag 
fcgiciis  oftlic  braiu. 

In  severe  head  injury  Olbricb  el  al."*  t'ouiid  tlic  P3(X)  e 
.sensitive  indicator  of  cognitive  iinpuiiment  that  coircluted 
well  with  Uic  findings  on  ncuropoychulogiuil  test.s.  Iliu 
r3U0  latency  abnoniwlities  persisted  wiiite  cognitive 
abiioniialities  retunted  to  nonnulity,  suggesting  rcsiduut 
cerebral  dysfunction  in  severe  head  Iraiuiui.  Furthcnnorc. 
in  severe  bruin  injury  it  is  possible  to  elicit  u  P30()-like 
res}x)usc  alsii  in  patient  in  u  vegetative  state  eX|)Osed  to 
passive  witli  lUOU  amplitude  larger  during  a 
biinuduli'  stimulus'*^.  riala|>-Chand  cl  ul.^  caniol out  u 
folloW'Up  study  in  a  group  ofsubjcct  ofditVeicnt  age  and 
sex  witli  MI  il  using  u  clussicul  auditory  oddball 
(xuadigin.  They  found  significant  ubitumiality  (with 
respect  to  a  matched  contiol  gioup)  in  P3()()  latency  and 
uinplitudti  (un  Cz*MHM2)  in  35*^1  of  the  patients  in  die 
]>ust<oncussivc  }x:riud  (wilhiu  4  days  fiorn  heud  tiutuuu). 
No  cunelution  was  found  with  (iCS  (13'15),  duration  uf 
loss  o['eon.'a;iousnes.s  (max.  30  iniii),  {Ktst-traiunatic 
unuuisia  (mu.\.  60  min),  and  )xtst-coiiciisKioiml  .syndiunie. 
Tlie  most  intciesting  result  -  for  the  ueiomedical  dix  tsion 
niukiiig  -  is  that  the  uhnonnaiiliuN  itniToved  in  u  {xiriod  uf 
alxmt  30  ilays.  ViicM  lindingsuie  in  ugrecinent  witli 
Uiose  of  (jcntiliiii  ct  ul.'**  who  found  that  cognitive 
iinpmriucat  did  not  }>eisist  one  niontlv  utter  Mill.  Wns^n 
el  ur**  in  the  Naiiiu  above  mentioned  study  did  nut  find 
tibnunnul  l'.3()0  latency,  wlieioi.s  ie{noiiul  (Iv.  and  C/) 
1'.300  uinpliludc  Was  sniullor  in  patients  than  in  coulrols. 
According  to  the  cm  rent  iiyiwthcHCH  al>oul  IMOU 
gciiciulois  and  significance,  thc.se  tindings  were 
explained  in  terms  ufun  iinpuiicd  cognitive  piocessing  of 
the  stimuli  due  to  die  Iruntul  lolics  duniagu.  It  .sccuis  tluit 
as  u  general  feature  the  dysl'unvlion/diuiuigc  ut  cctitial 
nervous  nystcin  is  twttei  ciuuuctcriycd  by  Uio  degicu  uf 
iiii|iiovetucnt  on  rc|)cal  testing  luthci  tluui  by  the  iibsolule 
vulues  uf  l'.3()0  uinplitudc  and  latency. 

Uuggel  ui.*'"  in  ii  simple  oddball  ixuudigin  (oiiitd  ihul 
Uieii  [xitiviits  with  liead  Irauina  iiud  un  cnliunccd 
amplitude  and  delayed  latency  of  the  Ni/  cumpunent  of 
the  ics^Miuics  to  target  tone,  llicy  iiitenireted  liii.s  finding 
as  u  deficit  uf  ti(o  ctllcicncy  ufeuily  }H:iceptiiul 
calegurization  processes. 

Ctuiy*^'  rcpoitcd  diut  {unicuts  wlio  hud  .smlcicd 
inodciutc  and  severe  head  injuries  showed  siuullei 
dilfci cnees  between  (iO  luid  N(>4  )0  Contingent 
Negative  Variation  (CNV)  Uiulu  than  coiiliols  when 
tested  some  niondis  utter  the  tiuiiinu.  Closed  head  injuiy 
may  cause  ui\  iin}>uiiiiient  in  the  use  of  tlie  iiitonuutiou 
which  ))cnniu  dilfcrentiul  res|)unse  selection  mid  also  in 
sonic  us}K:ct.'i  of  preiuirution  to  motor  res^xju-sc. 

Rugg  c*!  al.^^  have  recently  confinncd  IIickc  data  showing 
dun  in  nuxleratc/sevcre  closed  lieud  ii(jiuies  tlic  puiieuls' 
curly  CM  Vs  (''oiienting'*  con:;'.onc»tc)  did  not 
JiUcreniiute  OO  uiid  NCMK)  dials  while  late  C^NVm 
("exivetancy"  romponeiUs)  showed  smullcr  Cii)/N(>4JO 
dilVcte»e';s  Uuui  tlie  control  gioufi  I'uitlicniiure  the 
})uticnt.s  showed  larger  absolute  inlerlieiniuj^hcrie 
ttsyiiuiietrieu  in  early  CNVs  than  controls  suggesliiig  Umt 
one  heiuisptiere  had  received  inoie  severe  dmiuge  tiiuii 
die  uUicr.  No  ditVcreiices  were  found  in  Uie  lute  CNVs 
neitlier  in  Uie  N1  component  bclwi*cii  jxiticiits  and 
controls.  An  iinjroiluiU  tliidhig  is  Uiut  GO  and  NO-GO 
stimuli  weic  oqiailly  ’’salient*'  tor  ixilients  ns  Ihc)'  evoked 
(roiital  negative  waves  (3(}0-60d  msec  alter  SI )  ul  cqiul 
uinpliludc.  lliese  woves  were  equal  in  nutgihlnJe  to  those 


elicited  in  controls  by  GO  stimuli.  I’sticnt.'i  lesultcd  over- 
responsive  to  NO*G{)  stimuli  rather  than  under- 
ie.s|>unsivc  to  OO  stimuli  suggesting  tluit  the  iiUiibitiun 
process  may  be  more  dilficult  tbr  Uicin  thmi  tlie  activation 
one.  llic  lute  CNV  (12U()-l5tK}  nvs')  cciilrul  maximum  hod 
u  ililfcrcut  ceiutionsiiip  with  R1‘  in  conhols  and  in 
INitieiits  focal  lesions  ofUic  Crontal  lobes  are  ii  cuiimion 
sequela  of  closed  head  injury,  hi  Uic  patients  uf  Uiis  study 
9  out  of 20  hud  frontal  duinugc  (liueinutoinu  und/or 
contusion),  ‘llie  group  of  [luticni  hud  an  excess  of 
|x.'i^‘veiutive  enuis  ut  the  Wisconsin  Card  Suiting  '1'e.sl 
wlucli  is  sensitive  to  frontal  lobe  damage^. 


5  AEROMHDICAL  DECISION  MAKING  IN 
Mill 

llie  tclttliiHiship  between  the  ucroinedicui  exuniinct  and 
the  .subject  in  the  nicdico-legiil  context  is  cliaructeii/cd  uy 
the  po.Hsibilily  of  simulutiun  or  disKiiimlutiuii  of  u 
previous  head  tiuumu  uiid  related  sequelae.  As  u 
consequence,  the  medical  hisioiy  us  iciKiitod  by  die 
subject  is  nut  always  iclidhle.  1  Jieicfure  objective  und 
.s|>ceific  diugim.stic  pioccduics  ore  of  pmumounl 
ini|H>itaiice. 

Scvcial  studies  in  the  liteiuluic  exumined  u  numtiei  of 
JiUcieiit  diagnostic  uppusiches  with  dilfci  cut  dcgiec.s  of 
.sensitivity.  s})eciricity,  mid  reliahility.  Ncvcitliele.ss,  an 
o.xhuu.stive  Uiugnostic  piutucol  with  un  unequivocal 
piogiioMlic  vhIiic  has  not  ticcu  loiiiid  yet  In  fact  miuiy 
studies  on  Mill  show  wme  of  (he  following  liii)itutiuii.H; 
the  reliability  of  tlie  docuinenlatioii  of  Uuninu  seveiity. 
the  ceititnUc  iilKmt  the  absence  oi  other  canse.s  uf  biuin 
imiNiiiiiicnt.  Uie  lack  of  compurability  due  to  Uie 
exumimilioiis  eurried  out  ut  dUfeiciil  time  intcivuLs  in 
dilleient  studies  (in  ))articulai  hue  longitudinal  ones),  the 
ttlnsciicc  o(  evaluation  uf  preinoibid  fmiciioning,  the  luck 
of  cmitiul  gruu]).s  und  ie{>eatcU  uieusiues,  the 
inliomogcncity  of  the  giou)).s  studied  with  ies|K:ct  to  .sex, 
ugc,  and  time  since  (he  trauma. 

As  u  genciul  mle  in  Ml  II.  Uie  lUnclionul  chmiges  related 
to  ulxionmiiilies  ut  ditfcreiit  level  of  CN.S  shuiihi  l>c 
UetimteU.  Some  luiiclioiial  ullciulions,  liowevci,  miiy  not 
icllcct  tt  neurological  ikmiuge  due  to  the  Iruumu  if  Uicy  do 
not  upjreiu  wjtliin  .smne  lime  ullei  the  iiijuiy.  It  i.s  not 
lure,  for  instance,  dial  ucurotic  whiplu.sh  subjects  niuy  Uy 
to  ueiiievc  u  gain  by  .siimilutioii  ui  exuggeiutiuii. 
Moreover,  it  is  larssible  that  behavioural  daUi  arc  not 
coiisistcut  wiUi  known  oi  assumed  lesions. 

'lire  hcud-iiijured  {mtieut  should  exuiiiiiieJ  ics  soon  us 
|M)s.Hiblf;  lur  inedico’legul  leasuiis  and  tlie  exuiuinatioii 
sliouM  lx;  leiHOited  ut  least  ut  1 . 0,  9iid  12  monUis  uUur 
Uic  truumu. 

In  fact,  w'c  suggest  that  Uiis  exumiiiution  eoinpii.se  u 
iicurop.sychoiugtcai  laiJ  u  uvuruphysiulogical  evaluation. 
A  compriUicusive  iiouropsyclloiogM  Ql  evaluation  should 
cncoin|xi:.s  a  l>ullciy  uf  tests  in  ordu .  m  assess  ditfcreiit 
tluictions,  such  as  uHciUioii,  lueniory,  i  roblem  .solving 
cajruUliiy  and  vksuo-moioi  ability.  A  iMttcfy  ofsiicli 
migtil  lx:  a  J'ASA  1  test,  u  VSR  proceJuie,  u  MCSf.  and 
a  multiple  clioice  vixnal  icuetiun  Ui.4k. 

A  restriction  from  Higlit  duties  or  otliei  sKill'iequiring 
octiviiit  .  is  iiiurulutory  until  nonnalisaliuii  uf 
ncuiupsydiolugicui  luiuini'lcis 
Ncvcilhcless,  we  believe  Uiut,  in  older  to  avoid  un 
uitfiecessuiy  }>eiiod  of  resUiction  bum  llight  duties  und. 
ill  (he  luciiiUimc.  an  eur  iy  miJ  |>otciitiully  iluiigeious 
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relunt  to  there  it  of  following  u  mure  liotuiled 
(liagiiosiiu  ptoiocul. 

In  our  opinion  CT  mul  MHI  tuo  not  suictly 
ncocBiuu'y  tor  iitulico-lcgul  piirj>OKCs.  I'Uitltrnnorc  MRl 
tuU  to  provide  Additional  guidelinci  for  lUtgical 
management  aa  cotn^iarod  to  <J  T  man);’  tuui  Uicrclbic  it 
aeeina  to  play  a  locondary  tola  in  MIU.  However  MiU  IS 
to lUggcststd  in  ckjo  of  peiaistcncc  of  aubjcctivc 
iymplonui  or  nvidciico  of  marked  oi  prolonged  uognilivc 
iintwiincnt  ncun^iyehologio  cvaluutiun  tealR. 
Acroinedical  regulalioits  in  dilVerent  counUiei  ulicody 
include  auituate  inedico-lcgul  piocodiucN  fur  aiciew 
Rcltxtion  and  {tcriodicai  cltock-ups.  icprcaenl  u 
great  op{MMlunity  to  eairy  out  uMiUolled  I'olluW'Up 
exominalioiu  un  the  effects  of  MI  II.  However,  it  is  nut 
eost-etVcctive  to  apply  Mplviilicatcd  diagnostic  testa  tu  all 
tltc  aptiiiuuUi.  We  l>elievG,  Indeed,  that  applicaiUa  wlio 
etttur  the  carcci  w  either  miliuoy  oi  civil  pilots  tu  iiiiall 
mimber  with  reafiecl  to  Lite  (utul  uf  all  opplicaiUs)  should 
be  also  examined  in  "iautcliiic’'  cuiiditlonH  also  with  a 
specific  act  of  iwujophysiologiuil  tcaU.  We  suggo-sl,  in 
tMiiliculur; 

with  aiiaiicqiMtc  numlMji  of  cliuimelH(ul  least  lb, 
according  ti>  Uui  Intcciuiiiuiuil  Sunidind  fur  coiivcutlouul 
1'il‘Xf)  tocmUfxi  during  brnli  icnt  wakefulness  uiul 
activiitiun  ptoccdiuca  (photic  inteniiillent  atunulatiun  mid 
hytietvcnliluUon  adettUalely  lUuidtvdi/ed), 

MMiil's  teemded  paying  a|)ccial  ulUnliun  to  (he 
muaauicmeiit  of  cciilial  aenaory  iXniJucUon  limes, 
liRrs  aa  Uie  NPOOd'hX)  complex  and  (.'NV  in  paradiuina 
like  Uw  "(.itVNtKrt)"**,  "itajiKUlic'''’^  "disliuctUm"'"* 
or  ‘dual  taak"'*^,  which  aic  inoic  acnaitivc  tu  sulitlc 
changes  iu  Um  uifonnatioii  ptou'-ssing  of  the  bnuu. 

Such  baseline  cvuluution  ia  vcr>  imtantunt  tor  a 
ucmottliyaiologioi]  evaluation  ul  head  injuied  ttalicitU 
alibx  inUaindividuul  variability  ik  miniinul,  witercaa  a 
wide  iiitciindividual  varinbihlv  cxiids.  Hiut  tH  even  vetv 
Ntiudl  cliungca  in  auinc  iieuruphysiulogiuil  paimnelcis 
wiUt  lea^^t  tu  baacline  cunditiutia  may  have  a  great 
diagnuHtic  value 

'Hie  AuUiuia  tk.knowlodge  the  tccluiiuil  su)))H)t(  of  H. 
Angelinu  in  prcianing  (his  uuuiusciipt. 
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One  main  category  of  decisions 
In  aviation  medicine  deals 
with  the  question,  whether  a 
particular  person  has,  has 
still  or  after  a  trauma  or 
illness  has  again  the  aptitude 
for  flying.  One  of  the  diffe¬ 
rences  between  aviation  medi¬ 
cine  and  clinical  medicine  is 
the  different  reliability  of 
medical  history.  Patients  of¬ 
fer  their  complaints  and  symp¬ 
toms  with  willingness  and 
frankness  as  they  are  looking 
for  help.  Our  clients  some¬ 
times  offer  their  medical  hi¬ 
story  In  a  more  restrictive 
manner.  In  addition  aviation 
medicine  has  to  give  a  progno¬ 
sis  about  and  Mlniinl‘.ce  safety 
risks.  And  even  the  most  wll- 
1 Ingful  person  cannot  give  a 
meaningful  answer  to  the  ques¬ 
tion,  whether  the  Individual 
risk  for  an  epileptic  seizure 
under  special  conditions  Is 
elevated  or  not.  As  Input  for 
risk  assessment  «s  for  deci¬ 
sions  concerning  aptitude  for 
flying,  results  of  examination 
by  clinical  and  technical  me¬ 
thods  compared  to  Informations 
from  medical  history  have  an 
even  higher  relevance  than  In 
clinical  medicine. 

The  task  of  neurology  in  avia¬ 
tion  medicine  ist  to  deter¬ 
mine,  whether  a  person  Is 
without  disturbances  of  the 
nervous  system's  function  and 
without  elevated  probability 
to  show  relevant  disturbanoes 
in  future.  Eesidea  medical  hi¬ 
story  and  clinical  examina¬ 
tion,  decisions  are  based  on 
technioal  methods.  Concerning 
Image  genera- 1 Ing  methods,  tes¬ 


ting  of  higher  brain  func¬ 
tions,  and  Bonotopiograph  Ic  me¬ 
thods  neurology  for  the  most 
part  utilizes  the  survice  of 
the  3p<oclaltle3  radiology, 
psychology,  and  anglology, 
while  application  of  electro- 
physiological  methods  like 
electroencephalography,  elec¬ 
tromyography,  neurography  or 
examination  of  evoked  poten¬ 
tials  are  the  neurological 
specialties  own  methods. 

Cased  only  on  Informations 
from  medical  history,  an  ap- 
pl  leant  for  flyl.ng  will  be 
rejected  If  e.  g.  syncopes, 
epileptic  seizures,  or  a  ty¬ 
pical  migraine  Including  oph¬ 
thalmic  or  neurological  syrop- 
toma,  or  recurreiit  reversible 
neurological  symptoms  are  re¬ 
ported.  Pilots  ov'  crewmembers 
with  such  a  history  will  be 
dismissed  from  flying  duty  un¬ 
less  extensive  examination  and 
adequate  treatment.  If  neces¬ 
sary,  can  exclude  further  re- 
ourrency . 

Decisions  about  pirmanent  mal¬ 
functions  of  the  peripheral 
nervous  system  mainly  are  ba¬ 
sed  on  assessment  of  the  re¬ 
maining  function.  Elsctromyo- 
graphy  and  neurography  In  this 
assessment  play  a  less  Impor¬ 
tant  role  than  in  the  process 
of  clinical  diagnostic  exami¬ 
nation.  To  which  extent  a  sen¬ 
sible  or  motoric  deficit  Is 
relevant  In  aviation  medicine, 
depends  on  the  remaining  abi¬ 
lity  to  meet  the  special  re¬ 
quirements,  Independent  of  the 
cause  of  the  malfunction.  A 
motoric  deficit  e.  g.  Is  more 
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serious  than  a  sensible  one,  a 
partial  sensible  deficit  of 
the  upper  limbs  more  ^grave 
than  of  the  lower  limbs,  and  a 
sensible  radicular  syndrome  of 
cervical  nerve  root  6  more 
handicapping  than  of  root  8 
because  of  the  effects  on  pre¬ 
cision  movements  of  the  most 
Important  fingers.  Crucial  In 
every  single  case  will  be  the 
result  of  a  detailed  examina¬ 
tion  by  flight  surgeon  and  In¬ 
structor  pilot  whether  all  re¬ 
levant  actions  In  cockpit  can 
be  performed  well  and  safely. 
Crowing  relevance  of  somato¬ 
sensory  evoked  potentials  In 
evaluating  peripheral  nervous 
system  Is  demonstrated  in  Or. 
t'reund's  lecture.  In  the  near 
future  we  hope  in  tost  the  re¬ 
levance  of  magnetic  stimula¬ 
tion  for  our  issues. 

Oeclslons  concerning  higher 
functions  ol  central  nervous 
system  are  based  on  subtly 
differentiated  psychological 
examinations.  The  results  of 
standard  i:ced  testin'  methods 
demonstrate  whether  a  per.son 
meets  the  cogn 1 t 1 v« - L nte 1 1 ec- 
tual  and  psychonotor Ic-coordl- 
native  requirements  for  flyln'j 
duties,  whether  concentration 
Is  possible  for  long  periods, 
or  whether  multiple  tasks  and 
high  workload  can  be  managed, 
fiased  on  these  psychological 
methods  and  on  comparison  with 
their  re.-iults  in  Initial  tes¬ 
ting  It  is  possible  to  exa¬ 
mine,  whether  a  person  e.  g. 
after  a  severe  head  Injury  has 
achieved  again  the  Individual 
level  of  cognitive  performan¬ 
ce,  whether,  despite  of  suc¬ 
cessful  treatment  of  substance 
abuse,  deficits  In  higher 
functions  remain,  or  whether 
deficits  In  dealing  with  work¬ 
load  can  be  found  after  me¬ 
ningitis  do spite  of  normal  be¬ 
havior  In  everyday  life. 

Malfunctions  of  the  central 
nervous  system  which  exclude 
aptness  for  flying  are  e.  g. 


epilepsia  or  chronical  in¬ 
flammatory  processes  1  ike  en- 
aephalomyel It  Is  disseminata. 
These  groups  of  diseases  re¬ 
presented  by  the  examples  own 
the  characteristic,  that  .symp¬ 
toms  are,  or  can  be  reversible 
and  there  exist  shorter  or 
even  longer  periods  with  only 
few  or  no  .'Symptoms.  The  proba¬ 
bility  to  find  symptoms  by  a 
relatively  short  examination 
during  a  randomly  chosen  pe¬ 
riod  of  time  is  typically  low. 
Consequently  those  problems 
could  even  be  dissimulated.  In 
this  context  technical  methods 
of  examination  play  a  major 
role  . 

Kncephal omyc 1 1 t 1 u  disseminata 
Is  one  of  the  most  frequent 
neurological  diaseases.  I'lrsl 
manifestations  often  affect 
the  optical  system  and  are 
mostly  reversible.  Kor  almost 
two  years  therefore  every  ap¬ 
plicant  fur  flying  In  our  in¬ 
stitute  Is  examined  with  visu¬ 
ally  evoked  potentials.  The 
method  Is  well  established  and 
provides  reliable  results.  Thu 
average  P- 1 00-1 atency  in  our 
laboratory  Is  lOU  ms.  Coiip.ared 
with  the  published  data  this 
is  relatively  high,  due  to  the 
majority  of  young  applicants 
of  the  age  group  18  to  20 
years  In  our  population,  as 
latencies  definitely  stabilize 
only  at  the  age  up  to  2S  yrs. 

If  the  Individual  result  Is  a- 
bove  IIB  ms,  which  Is  2.b 
standard  deviations  above  the 
average,  we  assess  a  person  as 
unsulted  for  flying.  This  even 
with  empty  medical  history  and 
Inconspicuos  clinical  examina¬ 
tion.  Our  f ew-case-exper lence 
with  additional  magnetic  reso¬ 
nance  imaging  was  unsatisfac¬ 
tory.  Even  If  no  Intracerebral 
lesion  can  be  detected,  the 
detection  of  optical  system 
affection  by  VEP  remains,  and 
the  presence  of  an  chronically 
inflammatory  process  cannot  be 
excluded.  Up  to  now  we  exclu- 
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ded  about  0,8  \  of  the  appli¬ 
cants  due  to  this  Gonstelli- 
tion  of  Isolated  finding  of 
abnormal lly  prolonged  VEPs . 

For  persons  already  In  flying 
duty  the  situation  is  diffe¬ 
rent.  In  this  group  up  to  now 
visually  evoked  potentials  are 
examlndcd  only  if  indicated  by 
suspect  medical  history  or  ab¬ 
normal  findings  in  physical 
examination.  Finding  of  abnor¬ 
mal  VKl’s  in  these  cases  have 
to  be  followed  by  extended  ex¬ 
amination  including  magnetic 
resonance  imaging,  electrophy- 
blologlcal  testa  of  othur  sub¬ 
systems,  and  examination  of 
cerebrospinal  fluid  for  ollgo- 
cloiial  1  mmmunog  1  obu  I  1  as  etc.. 


We  are  convinced  of  the  speci¬ 
al  importance  of  electroence¬ 
phalography  flilSG)  in  t.liitary 
aviation.  Among  the  factors 
which  can  lower  the  bialno 
electropi\y3lologlcal  stabil  Ity 
and  the  threshold  loi‘  epilep¬ 
tic  activity,  there  are  lack 
of  sleep,  change  of  day-nlgiit- 
rhytiims,  exhaustion,  imbalance 
of  electrolytes,  i>ypoglycae- 
ml.i,  hyperventilation,  hyp¬ 
oxia.  All  tliese  factors  can 
occur  and  iiave  to  be  conside¬ 
red  under  the  special  condi¬ 
tions  of  military  missions. 

The  lower  a  persons  individual 
treshold  tor  epileptic  activi¬ 
ty  is,  the  more  important  be¬ 
come  these  factors.  G-load  e. 
g.  loads  to  periods  of  decrea¬ 
sed  ctt rubral  blood  flow  and 
consequent  cerebral  hypoxia, 
thus  f  ao  1 1  i  tat  1  !ig  epileptic 
activity.  Long-haul  flights 
without  adequate  recreation 
times  or  conditions  during 
missions  in  crisis  or  conflict 
lead  to  a  1  terat  i on.s  In  day- 
ti  ight-rhy  thms  ,  lack  of  sleep, 
and  exhaustion.  These  condi¬ 
tions  elevate  risk  of  epilep¬ 
tic  actlvitiy  in  anyones 
brain.  Signs  of  a  lower  thres¬ 
hold  for  epileptic  activity 
therefore  have  to  exclude  from 
any  duty  in  military  flying. 


Photic  effects  similar  to 
strobel Ight  may  result  from 
p.fssing  short  wave  cloud  for¬ 
mations  with  high  velocity  as 
they  can  be  provoced  by  lie  1  l- 
copter  rotors  under  special 
light  conditions.  Signs  of  la¬ 
bility  under  photic  stimula¬ 
tion  therefore  have  to  lead  to 
rt'jectloii  concerning  flying  of 
helicopter  or  fighter  jet. 


KiiGo  with  relevant,  1.  e.  mo¬ 
derate  to  severe  get\eral  alte¬ 
ration  le.ad  to  exclusion  from 
1  lying  duty,  but  in  our  expe¬ 
rience  don’t  play  an  imporianl 
tele  in  decision  m.fl<ing,  as 
they  mainly  are  caused  by  con- 
ilitlons  like  severe  alteia- 
tlons  of  metabolism,  Intoxica¬ 
tions,  severe  infectious  dis¬ 
eases  wiilch  exclude  flying  du 
ty  themselves.  An  only  11  gilt 
general  alteration  needs  to  bo 
controlled,  until  evidence  of 
beelng  a  uon-patiiol  og  Ic  varia¬ 
tion  can  be  establ  1  siieii ,  Is  It 
found  alliiougl)  a  normal  pre- 
i'Jli'G  exists,  a  patliolug  ical 
process  l>as  to  be  suspected, 
until  tin.'  contrary  li.is  been 
proven . 

Tlie  finding  of  focal  altera¬ 
tions  of  liKG  causes  liid  leal  ion 
for  image  genef.jtiiig  methods, 
especially  it  there  has  been 
found  a  normal  lihG  before  o»' 
if  there  are  focal  clinical 
sign.i  as  well.  h.  g.  an  intra¬ 
cranial  tumor,  ma 1 f orma l I  on , 
brain  haemoirrhage ,  oi-  stroke 
has  to  be  suspected.  Fleet  Itiq 
asyniraetria  exclusively  In  the 
occipital  region  and  consis¬ 
ting  only  of  alpha-reduction 
or  -rarel  Icat  I  on  on  the  othei- 
hand,  we  considur  to  be  a 
liarmless  and/or  physiological 
variation  without  need  of  any 
con::  'queiice s  . 

The  e 1 ec tr oencepha 1 ograph 1 c 
finding  of  alterations  LypU;al 
for  epllepr.  ia  leads  to  the  de¬ 
cision  to  exclude  tiie  person 
from  flying,  .-ven  if  there  are 
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no  other  corresponding  Infot — 
Biatlons,  signs  or  findings  at 
all.  If  It  came  to  any  severe 
reversible  alterations  in  be¬ 
haviour  of  that  person  or, 
wov'st,  to  flight  mishaps  cau¬ 
sed  by  this  person,  this  would 
be  extremely  problematic.  It 
hardly  at  all  could  be  proven, 
that  the  incident  had  not  been 
caused  by  the  abnormal  liEG-ac- 
tlvlty. 

The  main  task  of  electroence¬ 
phalography  in  aviation  medi¬ 
cine  in  our  opinion  Is  to 
Identify  persons  with  an  indi¬ 
vidually  higher  e lectrophys 1 o- 
loglcal  lability,  which  Is  a 
lower  threshold  lor  abnormal 
activity  of  the  brain.  The.se 
persons  under  conditions  of 
military  duty  bear  a  higher 
risk  of  developing  epileptic 
phenomena,  even  If  they  stay 
asymptomatic  under  conditions 
o f  everyday  life. 

An  important  and  not  yet  sol¬ 
ved  problem  consists  of  the 
wide  range  between  definite 
normal  and  definite  pathologi¬ 
cal  findings  In  KllG,  resulting 
from  the  method  Itself  and  the 
varllng  correlation  between 
findings  .and  relevant  conse¬ 
quences.  It  Is  difficult  to 
give  statistic  data,  because 
the  number  of  problematic  fin¬ 
dings  depends  on  the  defini¬ 
tion  of  abnormal,  but  unspe¬ 
cific  and  not  yet  pathological 
findings.  Kstimated  roughly, 
the  population  examined  In  our 
Institute  In  more  than  So  K  of 
the  c.i5es  have  normal  EEG-ac- 
tlvlty  of  alpha-type  or  vari¬ 
ants,  which  doesif'l  show  ab¬ 
normal  alteratloiis  even  under 
provocation  with  hyperventila¬ 
tion  during  4  minutes  and  pho¬ 
tic  stimulation  with  strobe- 
light  of  vailing  frequencies. 
Definitely  pathological  alte¬ 
rations  are  found  In  far  below 
1  S.  Problematically  with  un¬ 
specific  abnormalities  are  a- 
bout  10  \  of  the  1400  EKGs  we 
examine  every  year. 


To  demonstrate  the  consequen¬ 
ces,  EEG-e xam 1 na 1 1  on  In  our 
institute  has  for  applicants 
for  military  flying,  the  fol¬ 
lowing  results  are  reported. 

Of  837  consecutively  examined 
applicants  In  a  time  period  of 
17  months,  who  passed  psycho¬ 
logical  testing  prior  to  medi¬ 
cal  examination  68 , b  H  ( 557 ) 
have  been  accepted  for  milita¬ 
ry  flying,  33.5  h  (280)  have 
been  rejected.  The  rejections 
In  28.6  \  (80)  of  the  cases 
were  caused  by  neurological 
or.  In  a  small  minority,  by 
psychiatric  findings.  In  71,4 
V  (200)  due  to  abnormal  fin¬ 
dings  In  the  other  medical 
specialties.  In  Neurology/ 
Psychiatry  70  H  (50  of  the 
80  rejections  were  caused  by 
alterations  In  EEG ,  only  30  V 
(24)  by  other  reasons.  So  the 
risk  to  be  rejected  due  to  al¬ 
terations  In  the  liEG  was  about 
G,7  %  (56).  On  the  other  hand 

93,3  \  (781)  of  the  examined 
applicants  had  a  1 ncunsp 1 c 1 ous 
EEG.  The  EEC  findings  leading 
to  rejection  In  a  minority  of 
cases  Were  focal  alterations, 
but  mainly  paroxysmal  dys¬ 
rhythmia  and  change  to  mode¬ 
rate  to  Severe  general  alter¬ 
ation  after  short  period  of 
hyperventilation  or  with  re¬ 
tarded  normalization  after  hy¬ 
pe  rvent  1 lal 1  on . 

These  unspecific  abnormalities 
are  widely  differing  In  quali¬ 
ty  and  quantltly,  but  do  not 
reach  dimension  of  the  patho¬ 
logical  findings  mentioned  a- 
bove.  The  possible  relevance 
of  the  .ilteratlons  in  the 
field  of  aviation  medicine  may 
be  demonstrated  by  the  follo¬ 
wing  case  report.  A  ZO-yt-ar- 
old  applicant  for  flying  had 
an  empty  medical  history  and  a 
normal  neurological  physical 
examination.  He  showed  unspe¬ 
cific  alterations  In  the  form 
of  paroxysmal  dysrhythmia  of 
higher  amplitude  In  the  spon¬ 
taneous  EEG.  If  e.  g.  a  head¬ 
ache  patient  showed  such  al- 


teratlons,  we  wouldn't  have 
been  that  much  concerned, 
while  in  similar  cases  we  ne¬ 
gated  aptitude  for  flying.  As 
this  applicant  was  rated  as 
performing  above  average  in 
psychological  testing  prior  to 
medical  examination,  he  was 
given  the  chance  to  have  his 
£;£:G  done  again  the  following 
day.  Then,  without  any  clini¬ 
cal  sign,  his  EbG  showed  mul¬ 
tiple  fleeting  sp ike-wavu-com- 
plexes . 

For  these  unspecific  altera¬ 
tions,  which  are  not  that  im¬ 
portant  for  clinical  neurolo¬ 
gy,  but  are  already  lmpo>"tant 
for  neurology  in  aviation  me¬ 
dicine,  up  to  now  we  miss  ac¬ 
ceptable  categories  and  glde- 
llnes  for  evaluation  and  de¬ 
cision.  In  the  absence  of 
other  aids  and  rare  informa¬ 
tions  in  literature  for  long 
time  we  only  decided  based  on 
clinical  experience  and  global 
Impression,  which  was  unsatis¬ 
factory.  Consequently  wu  tried 
to  define  these  unspecific  al¬ 
terations  in  EEC  better  and  to 
develop  an  Instrument,  to  make 
our  own  decisions  more  objec¬ 
tive  and  reliable.  To  cre.tte  a 
alteration  score,  we  assigned 
points  to  the  defined  criteria 
in  a  way,  a  score  of  10  and 
more  points  would  indicate  un¬ 
acceptable  alteration,.  The 
suggested  criteria  and  the  as¬ 
signed  points  are  compiled  in 
the  demonstrated  table. 

Two  examples  may  demonstrate, 
how  this  score  is  thought  be 
helpful.  At  first,  the  occu- 
rance  of  moderate  general  al¬ 
teration  <4  points)  only  under 
hyperventilation  of  mure  than 
2  minutes  <l  p.),  which  norma¬ 
lizes  within  1  minute  after 
hyperventilation  (1  p.)  with  a 
normal  EEC  in  other  sections 
leads  to  a  score  of  only  6 
points,  as  this  alteration  is 
thought  to  be  a  still  normal 
reaction  to  hyperventilation, 
which  doesn't  have  consequen- 
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ees  in  categories  of  aviation 
medicine . 

On  the  other  hand,  dysrhythraic 
alterations  with  amplitudes  of 
150f(  compared  to  inconspiclous 
sections  of  the  EEC  (4  p.), 
which  occur  after  less  than  2 
minutes  of  hyperventilation  (4 
p.)  and  normalize  only  after 
more  than  1  min  after  end  of 
hyperver^- I  lat  ion  (2  p.  >  exceed 
the  limit  of  10  points,  as 
they  are  judged  as  an  unspeci¬ 
fic  risk  in  the  sense  of  a  lo¬ 
wered  threshold  for  epileptic 
act i V  1 1  y . 

This  score  is  not  thought  to 
“measure-  alterations,  but  it 
Is  a  device,  which  can  help  to 
reduce  subjectivity  in  the 
process  of  decision  making. 
Although  not  establlslied  well, 
we  dared  to  present  this  sco¬ 
re,  as  we  expect  helpful  cri¬ 
ticism  and  suggestions. 
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Abnormal Ity/Dysrhythmia  in  spontaneous  EEG  with  share  of 


10-50%:  8 


>50  %:  10 


Abnormal Ity/Dysrhythm ia  under  hyperventilation  (HV>  of 


>2  min:  1 


<2  min:  4 


<1  min: 


with  a  share  of 


<2%:  1 


Abnormality/Dysrhythmia  under  photic  stimulation  (FS): 


with  a  share  of 


<2%:  1 


Normal i aat i on  under  continue.)  HV :  0 
<  2  min  after  HV :  2 


<  1  min  after  HV : 
>  2  rain  after  HV : 


under  continued  FS: 

<  2  sec  after  end  of  FS: 


0  <1  sec  after  end  of  FS: 
4  >2  sec  after  end  ol  FS : 


Dysrhythmia  /  Unregular  it les  <graphic  elements,  with 

Amplitude  >  33  \  of  max.  amplitude  of  neighbouring  ; 

unoonspicou.''  sectiouj  of  EEG,  or  with 
Frequency  >  I  Hz:  1  >  2  Hz: 

differing  from  normal  sections  of  EEG 

not  paroxysmal,  from  neighbouring  activity  not 
differentiated  well,  or  starting  out  of  already 
unregular  activity,  changing  gradually: 
paroxysmal,  differentiated  sharply  from  preceding 
or  following  activly,  abruptly,  sharp 


General  alteration 


1  1  ght :  2 


moderate 


I 


Focal  alteration  inconstant:  2 

exclusively  occipital:  2 
amplitude  reduction:  2 
theta:  6 


Activity  specific  for  epilepsy 


constant:  4 
otner  localisation:  4 
alpha-rare f icat 1  on :  4 
delta/beta:  8 


We  also  see  a  lot  of  other 
work  to  be  done  with  EEG, 
since  we  arc  convinced,  that 
the  mentioned  unspecific  sub- 
clinical  alterations  in  EEG- 
actlvity  are  of  high  interest 
in  aviation  medicine.  Not  yet 
demonstrated  definitely,  as 


far  as  we  know,  is  the  corre¬ 
lation  of  behavior  of  Intra¬ 
cranial  blood  flow  under  g- 
load  and  EEG-al terat i ons .  We 
plan,  as  a  first  step,  to  exa¬ 
mine  intracranial  blood  flow 
under  g-load  in  the  centrifuge 
with  a  helmet  mounted  trans- 
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cranial  doppler  device.  Addi¬ 
tionally  we  plan  to  rseasura 
hyperventilation  provocating 
EEG-al tcrat i ons  by  capnometria 
in  blood  and/or  respiratory 
system  or,  mvch  more  conve¬ 
nient,  by  the  e fleet  on  cere¬ 
bral  blood  flow  demonstrated 
by  transcran Lai  Doppler-sono- 
graphy,  Finally  we  intend  to 
demonstrate  a  suspected  corre¬ 


lation  between  alterations  of 
EEC  depending  on  decrease  in 
cerebral  blood  flow  induced  by 
g-load  on  one  side  and  lr,dcc»d 
by  hyperventilation  on  the 
other.  Should  this  be  proven 
successfully,  EKG  under  hyper¬ 
ventilation  would  be  a  simple 
but  adequate  method  to  predict 
alterations  of  F.EG-act  i  v  i  t  y 
under  g-load . 
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THE  E.E.G.  IN  THE  EVALUATION  OF  APPLICANTS  TO  AIRCREW  MEMBERS 


NIJNO  PEDRO  RIBEIRO,  MAJOR,  MD,  FS 
PORTUOUliSK  AIR  FORCE  ABROMEDICAI.  CENTER,  CMA 
AZINHAGA  TORRE  DO  FATO.  PACO  DO  LUMIAR 
1600  LISBON.  PORTUGAL 


1.  IM  RODUmON 

The  E  K.G  has  been  used,  since  its 
beginning!,  as  a  tool  in  selection  of  aircrew 
personnel.  Knowing  that,  even  in  epileptic 
patients,  the  U.E.Cj.  in  a  .great  maiority  of 
eases  doesn't  show  abnormalities,  the 
problem  is  raised  on  the  meaning  of  such 
method  in  ihc  selection  of  aircrew 
candidates. 

In  the  olhci  hand  we  must  agree  in 
the  definition  of  a  "normal"  li.lfG..  and 
what  aie  the  meanings  of  certain 
abnormalities  in  an  individual  that  .says 
that  he/she  is  healthy  and  denies  in  his/her 
clinical  liistory,  epilepsy,  febrile 
convulsions,  headaches  and  head  liaumas. 

According  to  Niedermcycr  and 
Lopes  da  Silva  (I),  the  uscfultiess  of  the 
E.E.G.  in  aircrew  selection  is  that  we'll 
have  a  record  to  compare  in  case  of  need 
of  l  epelilioii  of  It  E  G. 

In  the  Portuguese  Air  F'orce  the 
selection  is  seriated,  being  the 
neuiological  observation  one  of  the  last 
one's,  and  only  one  small  part  of  all 
applicant:,  submitted  to  it  The  evaluation 
consists  on  a  clinical  history,  in  which  the 
denial  ot  all  patliology  is  the  rule  (they  are 
all  voluiitaiy),  neurological  examination 
and  an  H  E.G,  .10  minutes  duration,  in  the 
10-20  system  (since  1090),  with  two 
hypeiwentilations  and  one  photic 
sliinulalioii.  Until  1989  the  montages  used 
are  shown  in  Mg  I  In  Mg  2  are  the 
I'noiltagcs  used  iiQei  1990 

2.  METHODOLOGY 

We  had  access  to  E.E.G  leporls 
since  1972  to  1993.  performed  to  the 
following  applicants,  pilots  (Air  Force 
Academy,  Navy,  Angola,  Mozambique, 
Gabo  Verde  and  Sudain),  navigators, 
HALO  and  HAHO  pat.itroopeis  and 


liiiiobaric  eliamber  crewmembets  Ages 
were  between  17  and  30  years.  Tlie  total 
of  records  was  3305  The  analysis  of  the 
records  was  visual. 

I'be  E.E.Gs.  were  performed  in 
two  different  macbiiies:  untill  1989  was 
used  a  Nihon-Kohden  with  8  channels, 
and  since  1990  a  Nihon  Kohden  model 
EEG-.^2IOf',  with  10  channels. 

For  the  purpose  of  this  work  we 
ctinsidcred  only  as  abnornials  the  lectnds 
presenting  .spikes,  spike  and  wave 
complexes  and  focal  slow  activity,  as  we 
used  nowadays. 

The  Portuguese  Air  Force 
standards,  under  the  paragraph  03,  is 
considered  unfit  the  E.E.G  with 
permanent  a'l  .ations,  whatever  this  can 
mean  ('.’),  oui  that  gives  a  very  wide 
margin  lo  the  interpreter. 

Some  problems  were  raised  since 
llte  beginning  of  lliis  work 

( 1 )  the  difleicm  doctors  w'ho 
performed  the  reports  -  two  between  1972 
and  1978,  one  I'roiii  1979  to  1987  (two  in 
198o)  and  two  (one  of  ibem  myscIO  since 
1988  until  now; 

(2)  lime  of  the  year,  usually  the 
majority  of  applicants  is  present  at  the 
Acronicdical  Center  in  July  and  August, 
which  are  very  hot  months  in  Portugal, 
and  with  lack  of  sleep,  both  causes 
conducting  to  somnolence  with  lire 
resulting  patterns  in  the  E  E  G  , 

(3 )  last  but  not  least,  they  are  very 
young,  witli  records  sometimes  revealing 
some  immaturity,  and  so,  with  some 
problems  in  iiitcrpi  ctatio.i. 

To  analise  the  record  we  divided 
them  in  two  groups:  those  presenting 
spikes,  spike-wave  complexes  and  those 
will)  focal  slow  activity,  the  majority  of 
wich  was  in  the  temporal  regions,  either 
left  or  right. 

Oiiring  the  first  period  (1972- 
1978)  w'ere  considered  also  as  abnormals. 
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the  I'.JiGs  that  showed  generalized  slow 
activity,  sharp  and/or  slow  waves,  these 
ones  presenting  soiiictiines  in  paroxysms, 
sinimetrical  oi  assimniclrical  during  rest  or 
Ityperventilation. 

3.  RKSliLI  S 

What  we  can  notice  in  first  place  is 
tile  variation,  in  total  numbers,  of  the 
liliGs  considered  abnoriital,  in  the  years 
1972  trough  1978  with  percentages  that 
varied  between  17.4%  ( 1972)  and 
(1977),  eompared  with  the  years  until 
1993  1.1%  (1989)  and  I  1,7%  (1986),  in 
the  year  of  1986  the  liliGs  were  reported 
by  two  dillerent  neuiologisls,  one  of  them 
not  trained  in  aircrew  selection. 

Analysing  this  data  with  our  actual 
standards  the  number  of  abnonnal  liliGs 
would  decrease  to  moic  or  le.ss  one  half 
■fhis  is  shown  in  Table  I,  wheie  we  can 
see  also  the  absence  of  any  significative 
dilfercnce  aller  1979 

Since  1972,  and  considering  all 
this  dilVerem  criteria,  only  one  pilot  was 
observed  with  seizures  (his  lili(i  as 
apiilicam  was  completely  normal),  fhis 
pilot  was.  allcr  the  exaniinalion, 
considered  delinitivelv  unlit  for  Hying 
duties. 

In  I99J  a  candidate  was 
disqt'  'Tied  because  his  liliG  showed 
anteii'  beta  activity,  there  was  no  other 
abnormal  or  drowsiness  related  activity.  It 
was  suspected  the  possible  inge.stion  of 
drugs;  he  was  considered  unlit  only  allcr 
psichiatric  evaluation. 

We  don’t  know  if  any  of  the 
candidates,  considered  as  unlit  on  liliGs 
basis,  had  sulVered,  at  any  time  an 
epileptic  seizure.  It  can  be  an  inlere.sting 
work,  in  a  future 

4.  DISCUSSION 

We  think  that  din'crenccs  in  the 
rate  of  elimination  are  only  due  to  the 
ditl'erenl  criteria  used  by  the 
electi  ocr.eephalograpliers 


Other  studies  show  that  the 
percentage  of  candidates  witli  abnormal 
liliGs  is  veiy  low  and  similar  to  ours, 
since  1979  (Table  2). 

The  actual  standards  seem  to  be 
reasonable,  because  (hose  altcrafioas 
considered  as  abnormals,  are  the  most 
common  seen  in  the  people  with 
pathology.  Ai  the  same  time,  we  are 
aware  that  those  with  normal  liUGs  can 
develop  seizures  at  any  time,  but  tills  is  a 
risk  lliat  we  liave  to  lake. 

5.  CONCLUSION 

The  reason  for  uniiiite.ss  for 
eiewmembci,  mainly  pilots,  is  llight  safety 
liven  if  a  "normal"  liliG  has  no 
clinical  signilieance  in  ruling  out  epileptic 
or  other  Central  Nervous  System 
Itathology,  the  initial  record  stays  as  a 
standard  lor  further  needs. 

In  the  Portuguese  Ah  hoice 
Acromcdical  Center,  an  liHG  is  performed 
if  the  crewmemher  sull'ers  any  lo.ss  of 
eonseiousness  (except  G-LOC)  and  allcr 
head  iraiitna,  in  this  ease,  simultaneously 
with  neuio-p.sydiologiea!  evaluation,  skull 
X-rays  and  ,  if  needed,  a  ("f  Sean 

The  economical  problem,  raised  by 
some  aulhor,s,  in  our  ea.se  is  de.spicRhle, 
due  to  the  small  number  ol'  reeurds 
pci  formeJ  each  year. 
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PLACE  /YEAR 
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%  A0NORMALS 
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2B6S& 

U.12 

RICHTER  &  ai 

BROOKS  1971 

2947 

2.9 

RABOUTET  &  al 

PARIS 

6700 

2.6 

A.  PACHECO  SILVA 

BRASIL  1977 

loot) 

9.6 
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Clinical  Bt^sis  for  Aeromedical  Decision-Making;  The  KliG  Bxainple. 

J . L . Ki rth 

Consultant  Neurosurgeon, 

Department  of  Neurosurgery. 

University  Hospital, 

Queen's  Medical  Centre, 

Nottingham  NG7  ?.UH,  UX. 

SUMMARY 


The  KEG,  electroencephalogram  is 
used  as  a  teat  in  aircrew  sel¬ 
ection.  Given  that  the  natural 
history  of  the  seizure  disorders 
has  been  described,  30  the  valid¬ 
ity  of  this  practice  is  quest¬ 
ioned  and  potentially  more 
rewarding  applications  of  the 
KEG  suggested. 


System  reliability  is  a  major 
component  of  aircraft  system 
performance.  In  military  avia¬ 
tion  both  are  central  nervous 
system  dependent.  In  aircrew  as¬ 
sessment  and  management  the  EEG, 
electroencephalogram  has  trad¬ 
itionally  played  a  major  role^O, 
4a, 61, 78 _  Advances  in  tech¬ 
nology,  data  retrieval,  storage, 
presentation,  processing,  inter¬ 
pretation  and  assessment  make 
this  an  appropriate  time  to  re¬ 
view  the  place  of  the  EEG  in 
aeromedical  decision-making  and 
research. 

Present  system  reliability  tar¬ 
gets  are  of  the  order  of  _  a  sig¬ 
nificant  failure  in  1:10”^  hours 
in  commercial  aviation,  1:10"^ 
hours  in  the  military  and  In 
practice  of  1:10~5  hours  in 
general/private  aviation32.  with 
these  targets  why  have  EEGs  been 
performed?  As  a  form  of  epilepsy 

screening^. 3;  in  an  attempt  to 

predict  flying  aptitude^^ / 44, 46, 
'0  and  as  a  basejllne  for  future 
reterence^^'  71, /7_  effort 
expended  and  the  costs  incurred 
to  provide  the  few  records  re¬ 
quired  for  useful  later  compari¬ 
son  has  been  considerable^®' 35, 

Any  correlation  between  in¬ 
itial  EEG  and  subsequent  apti¬ 
tude  has  not  been  pursued,  leav¬ 
ing  seizure  screening  as  the 


justification  tor  present  EEG 

programmes^ 2, so, 61 

To  be  elfective,  seteening  re¬ 
quires  a  major,  defined  target 
health  problem  the  natural  his¬ 
tory  of  which  IS  defined  and 
understood.  It  has  to  be  detect¬ 
able  in  the  latent  or  early  sym¬ 
ptomatic  phase.  An  examination 
or  test  of  proven  performance  in 
Bayesian  terms  of  sensitivity 
and  specif icitv  has  to  be  avail¬ 
able,  applicable  wltliin  pract¬ 
ical  and  economic  constraint.s 
and  acceptable  to  tlie  target 

population.  Truatmunt,  who  to 
treat  and  treatment  lacilities 
have  to  be  agreed®^. 

Aircrew  seizure  is  a  problein^ij- 
62.  The  prevalence  of  epilepsy 
in  the  population  from  whicti 

they  are  drawn  is  undoubted. 
Excluding  febrile  convulsions 
under  b  years  of  age.  2.3%  have 
had  one  seizura2/,  0.6b%  more 

than  two33 .  However  the  risk  of 
initial  seizure  in  those  aged 

20-60  years  I including  many  with 
neurological  conditions  that 
would  preclude  flying]  is  10: 
1,000  or  1%  over  40  yeart'30,32_ 
That  is  0.02b%  per  year,  2.8b: 
10“®  hours.  This  can  be  compared 
with  the  male  heart  attack  rate, 
aged  23-34  years,  of  5^1:10“° 
hours  [rising  to  31.2:10“®  hours 
between  35-44  years;  77.6: 10~® 
hours  between  45-54  years  and 
156.4:10“®  hours  between  55-64 
years  of  age]®3.  Actual  exper¬ 
ience  in  aircrew  candidates  who 
have  yet  to  have  a  first  seizure 
are  of  risk  rates  below  the 
2.85;  10”®  hours  level  3® < 21 , 29 , 

47,62,63,64,6/.  well  within  10"® 
military  and  10”'^  hours  civilian 
risk  targets,  suggeeting  that  a 
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careful  neurological  history  What  of  “abnormal"  KEG  appear- 
alone,  taicen  during  the  initial  ances  in  clinically  norma,!  sub- 
medical  assessment,  would  pro-  jacts^^® •  Tho 

vide  screening  at  an  order  of  literature  indicates  these  to  be 
magnitude  better  than  present  present  in  0.b-3b’i  of  the  non¬ 
risk  target  levels  require .  epileptic,  "normal"  population^' 

4,9.  11, 24, 26, 29, 33,43^  «,  59,60, 


The  second  screening  requi reinezit 
is  an  understanding  of  the 
natural  history  of  the  target 
condition.  For  epilepsy  this  is 
encapsulated  in  the  Hauser- 
Annegers  diagram  [fig.] 30.  Once 
past  puberty  and  into  adult  life 


the  initial, 
rate  is  low‘l 


spontaneous  seizure 
,  well  within  pres¬ 


ent  risk  targets.  The  key  is  tho 
exclusion  of  prior  convulsion, 


of  a  family  history  of  epilepsy 
in  a  close  relative,  at  a  sign¬ 
ificant  head  injury  or  other 
past  cerebral  insult^^. 


6/,79,8B.  ^^0  risk  of  .subsequent 
epilepsy  in  non-epileptic  sub¬ 
jects  who  display  epileptiform 
EKGs  Is  reported  to  be  between 
1.5  -  b. 0*29. 33, 67, 80.  ^he  pro¬ 
gnostic  value  of  the  classical 
spike/wave  pattern  in  asymptom¬ 
atic  Individuals  has  been  quest¬ 
ioned  and  a  later  epilepsy  risk 
little  different  from  that  of 
the  general  population  sug¬ 
gested®'^'®®.  The  definition  of 
what  constitutes  an  "epilepti¬ 
form"  KEG  and  which  EEG  abnorm¬ 
alities  are  prognostical ly  Blg- 


Epilepsy 

Hauser-Annegers  Diagram^*’ 


Age  Years 

Rochester  1935  -  74  (Annegers,  J,F.) 
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niflcant  for  subsequent 
remain  matters  ot  debate^* 
68,69,8B_  Meanwhile  some  80%  of 
clinical  epileptics  have  init¬ 
ially  normal  Interlctal  EUGs, 
serial  EEGs  being  necessary  to 
reduce  this  "false  normal"  pop¬ 
ulation  to  the  8%  level 


EEG  abnormalities  not  associated 
with  epilepsy,  where  "epilepsy" 
is  defined  as  the  occurrence  ut 
and  propensity  tor  subsequent 
spontaneous  seizure,  include:  &/ 
sec  spike  and  wave;  ti  b  14/sec 
+va^4  and  small  spikes;  SKEUA 
[sub-clinical  rhythmic  dis¬ 
charges  in  adults]'*!  and  BETS 
[benign  epileptiform  <;ransiunts 
in  adults]  among  the  mid- 
temporal  rhythmic  discharges; 
and  slow  wave  responses  to  over- 
breathingS*^ . 


alised  spike/spike  b  wave  dis¬ 
charge  which  paradoxically  is 
maximal  frontally.  Its  frequency 
is  independent  of  the  flash  fre¬ 
quency  used  [10-20HZ  being  the 
most  likely  to  elicit  it]  and 
the  response  coirtinues  after  the 
photic  stimulation  has  been  dis¬ 
continued^*  . 

EEG  photic  resp'OnsBS  are  common 
in  normal  sub  jects^  *  ^2  _ 
photuuenHitiyiiy  does  not  mean 
epilepsy!^' lb , bv , 87  _  photo induc¬ 
ed  paroxysmal  responses  are  obs¬ 
erved  in  the  EEGs  of  <4'i  of 
normal  subjects,  <lb%  before 
puberty^2 ,  b  J .  Pliotoinduction  may 
be  achieved  betvieen  b-20Hz,  but 
is  icaximum  at  l2Hz3b_  ‘fha  photo¬ 
sensitive  efiect  is  best  aborted 
by  closing  one  eye.  Closing  both 
may  pri!cipitate  seizure^b. 


EEG  patterns  wiiicii  are  associ¬ 
ated  with  epilepsy  are  <3/buc 
spike  tx  wave;  focal  spikes  and 
polyspikes;  rliytlunlc  focal  alow 
waves.  Thu  latter  are  often 
associated  with  already  symptom¬ 
atic  intracranial  space  occu¬ 
pation  . 

In  this  uncertainty,  of  the  many 
potential  epileptic  pruclpi- 
taiits,  sleep  deprivation  might 
have  been  the  moot  appropriate 
in  the  military  situation  to 
induce  seizurfs  or  elicit  seizure 
markers!"^' ^3, 8b  ,  in  practice  re¬ 
course  iias  beei:  to  intermittent 
photic  stimulation®'  22,  .-b,  37,  bl, 
to  evoke  plioto-convulsive, 
" f 1 icker- induced" ,  "hel i copter  " 

epilepsy^'  23,3b,  trawl  of 

epileptiform  recordings  may  _  be 
tripled  by  such  aggrevation25 . 
But  of  common  EEG  photic  respon¬ 
ses,  the  Following  Response,  the 
J’hoto-myoclonic  Response  and 
occipital  spikes  are  not  as¬ 
sociated  with  epilepsy,  photo- 
induced  or  otherwi.seb' 16,  68 

Only  the  Photo-convulsive  Res¬ 
ponse,  if  demonstrated,  is  sig¬ 
nificant.  Its  threshold  varies 
in  and  between  individuals  and 
it  Is  compatible  with  an  other¬ 
wise  normal  EEG.  It  is  a  gener¬ 


In  ostablislied  epilepsy  photo¬ 
genic  stimuli  are  the  coimnonest 
sensory  :;eizui<!  prccipitants*  > 
1 3 , 22 , 28 , ‘.)0 ,  bb ,  8 3  ,  Out  photopre- 


cipitated  seizures  usually  pre¬ 
sent  in  childhood  or  adole.s - 
cence2®<8/.  Later  onset  plroto- 
serrsitivu  epilepsy,  with  lirst 
seizure  ovru  20  years  ol  age,  is 

raie7'3H.87. 


Pure  photo-evoked  epilepsy®  is  a 
clinlc.il  reality,  desi>'te  acad¬ 
emic  ri'servations^b .  it;  ly  char¬ 
acterised  by  tlie  EEG  photocon- 
vulsivo  rtsponseb.  Though 

usually  abnormal ,  the  EEG  may  be 
normal,  the  photoconvulsi ve  res¬ 
ponse  appearing  "out  of  the 
blue".  A  single  EEG  cannot  be 
relied  upon  to  detect  the  photo- 
convulsive  trait.  Thres.holds 
vary  both  tor  the  EEG  response 
and  for  the  clinical  photogenic 
seizure,  from  per.son  to  person 
and  'row  time  to  time  in  any  one 
indi  vidual^'*' .  Age,  Past  and 
Family  History  are  again  the 
keys  to  detection  and  are  the 
foundations  of  effective  aircrew 
screening  and  selection. 


What  of  the  EEG  In  aviation  med¬ 
ical  practice?  Because  an  ab¬ 
normal  EEG  has  meant  de- 


Btiluction  and  mout  rejected  can¬ 
didates  have  not  been  iol  lowed 
up,  the  sensitivity  and  spec.i- 
iicity  of  the  EEG  in  the  scieen- 
ing  setting  has  yet  to  be 
established.  In  terms  of  risk 
assessment  for  seizure  Age,  Past 
and  t'amily  History  remain  ttie 
significant  criteria.  birth 
insult  and  congenital  factors 
lead  to  seizures  in  the  first 
year.  Febrile  convulsions  occur 
up  to  five.  Thu  “genetic''  epi¬ 
lepsies  present  by  20.  But,  as 
if  difficulty  in  evoking  the 
photo-ccnvulsi ve  response  wore 
not  enough,  the  sting  in  the 
tail  lor  the  BbG  aircreu 
screener  is  that  during  the  40 
"tlying  years",  aged  20-60,  when 
<1:100  will  sutler  a  first  seiz¬ 
ure,  it  will  be  in  response  to 
alcohol  and  head  Injury,  Infect¬ 
ion  and  tumour,  foi  which  no  liEG 
risk  markers  may  he  present  at 
tlie  time  oi  initial  assussment. 


What  past  reliance  on  the  DBG  as 
a  test,  rather  than  its  use  as  a 
valuable  tool  in  the  clinical 
situation,  has  achieved  is  to 
divert  attention  from  clinical 
reality  and  the  BfcIG's  other 
potential  appl  Ications’^^"'*^ .  The 
new  Etc  technologies  now  deserve 
review  oi  their  utilization  and 
organization  lest  the  consider¬ 
able  budgets  already  expended  on 
re-equipment  be  wasted  on  expen¬ 
sive  reduplication  of  simple, 
cheai),  practical  and  eifectivu 
clinical  methods. 
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INTRODUCTION 

Spinal  injury  during  aircraft 
egresB  has  been  a  well  known 
phenomenon  since  the  early  days 
of  flying,  though  at  that  time 
usually  secondary  to  ground 
impact.  However,  the 
development  of  High  Performance 
Aircraft  (HPA)  has  forced  the 
consequent  development  of  high 
performance  ejection 
mechanisms.  These  modern 
ejection  systems  have 
functioned  superbly  with  the 
latest  generation  mechani.-^m 
allowing  91.1%  survivability 
when  egress  takes  place  above 
bOO  ft  from  ground  level  and 
79.2%  pilot  survival  rate  when 
egress  is  undertaken  at  flying 
level  less  than  bOO  ft. 
However,  while  the  overall 
sucess  rate  of  88%  has  resulted 
in  many  more  pilots  surviving 
an  egress  experience,  21%  of 
these  flyers  have  been  shown  to 
suffer  some  degree  ot 
significant  spinal  injury 
(vertebral  compression- 
fracture)  during  egress, 
potentially  theatening  their 
ability  to  return  to  the 
cockpit  (1,2). 

Modern  HPA,  with  their  ability 
to  inflict  inmediate  and 
sustained  high  tGz  forces  to 
the  cockpit  environment 
challenge  the  flight  surgeon 
now  as  never  before  to 
carefully  and  successly 
evaluate  the  pilot  who  has 


.suffered  egress-related  spinal 
injury  in  order  to  determine 
whether  it  will  be  sate  tor  the 
flyer  to  return  to  such  an 
environment  (3,4). 

This  challenge  is  made  even 
more  pressing  by  the  fact  that 
pilots  who  eject  ate  often 
well-trained,  experienced 
flyers  whose  potential  lost 
services,  eifhei  dut  to 
permanent  disqualification  from 
flying  duties  or  due  to 
further,  additional  ppitial 
injury,  represent  a  signiticant 
potential  loss  ot  valuable 
hi  illda  resuuicus  to  NATO  All 
Forces,  already  tacjtig  the  loss 
of  key  per.sonnel  and  resources 
due  t'-  today's  l■^•l>llos>ll 
pressures . 

These  factors  max.'  H 
imperative  that  all  ot  t  lie 
modern  medical  nwans  at  hand  be 
utilized  in  the  analyr,  ir;  ot 
post-ejection  spinal  injuries. 

Anatomically  a  wide  va'n-ty  -I 
vertebral  fractures  and 
tracture  c  1  .iss 1 1 1 cat  ions  have 
been  described.  Prognosis  may 
be  assessed  according  to 
stability  criteria  and 
3  €  r  OtwC  w  i  C  a  1  i*  A  p  f  f  1  f  ri 

(b,f>,7,6,9)  . 

Tn  the  p.Ts-  the  verrebral 
coluJiitJ  has  been  relatively 
i.iaccessible  to  clinical 
evaluation.  Today,  howev.'i, 
modem  radiologic  techniques 
can  provide  the  diagiiostic 
tools  that  enable  an  accurate 


PresenUfii  ut  u  Svnift*>.\tutn  iin  'fh<  Cnfiutjl  Htisn  J::.  AertimrUt* ’il Spt\(  /W*/ 


2’-: 


assesment  of  the  vertebral  and 
paravertebral  spine  and  thus 
help  predict  the  possible 
pathological  impact  of  future 
exposure  to  *G2.  Although 
plain  X-rays,  the  traditional 
Diethod  of  3t  '  2ing  spinal 
natoiny,  stil.  ,upply  very 
va’uable  information,  more 
advanced  techniques  should  have 
a  definite  role  in  the 
diagnosis  and  prognosis  of  the 
injuries  caused  by  ejection. 
Magnetic  Resonance  (MR),  with 
its  excellence  anatomic 
contrast  r -solution,  provider 
the  radiologist  the  premier 
tool  for  assessing  the  spinal 
and  paraspinal  structures  most 
vulnerable  to  injury  by  higher 
than  normal  G-forces  in  a 
injuxt-d  pilot  who  is  being 
evaluated  to  return  to  the 
cockpit  (10,11,12). 

It  is  essential  that  the 
aerotnedical  community  work 
closely  with  radiologists, 
cmiloylng  tt-i  latest  diagnostic 
methods  i.’io  d..ita  in  order  to 
best  evalu.vue  spinal  injuries 
and  tnus  •_  .  lectly  predict  the 
extent  oi  .njury  so  that  flying 
duties  can  be  resumed,  either 
in  the  former  aircraft  or  in 
another  flying  class  (9,13,14). 


AI  /  ZUICAu  UISPOSTTION 

Medical  rtcn’iids  lor  flying 
duties  ■.  iclude  a  general 
appv.' 'i' .ii  to  the  potitntial 
co.Tiplicatiot’s  and  dlranli  ities 
th'it  are  oftc.  direct 

con;;  rquence  of  ejec’  ron,  most 
of  these  being  verv.ebral 

fractures  or  dislocatiuiis  . 

The  SAF  standards  all  w  for 
class  T  a  maximum  oi  lO'i 
limitation  of  range  of  motion 
accordin.j  to  the  de  gre  of 
rotation,  flexion  and  extension 
or  vertebr;;!  fracture  with 
angle  of  compression  not 


greater  than  25  degrees. 

All  current  regulations  concern 
the  evaluation  and  the 
measurements  of  a  variety  of 
signs  and  symptoms,  usually 
related  to  compression 
fractures  and  to  history  of 
disabling  episodes  of  back  pain 
associated  with  significant 
objective  findings. 

A  review  of  8  NATO  coun'  -s 
aeromedical  standards  for  ii.'e 
snd  musculoskeletal  diseases  or 
injuries  revealed  references  to 
healing,  symptoms,  neurological 
disturbances,  disc  involvement 
and  functional  integrity  of  the 
spine . 

These  factors,  especially  the 
last  tv’o,  cannot  be  properly 
evaluated  by  utilizing  solely 
conventional  radiological 
studies.  In  conventional 
radiograp.hy ,  it  is  often 
difficult  to  rule  out  many 
baney  and  soft  tissue  lesions 
as  the  etiology  of  vague 
clinical  findings.  Even  more 
importantly,  it  is  difficult 
to  adequately  assess  the 
significance  of  a  positive 
radiologic  finding  that  has  no 
current  clinical  correlation 
with  physical  exam.  MR  however, 
is  much  better  in  reveling 
anatomic  relationships  of 
various  bone  and  soft  tissue 
lesions  and  tin  i  can  best 
discern  those  with  clinical  and 
prognostic  significance  from 
abnormalities  that  might  appear 
on  reguJer  X  rays  but,  in  fact, 
are  of  no  eon-  quence  (11). 


DISCUSSION 

The  thoraco- lumbar  spine  and 
the  segments  between  TIO  and  L2 
aro  the  most  conm-only  affected 
region  as  a  consequence  of 
aircraft  egress  (l,5i. 

In  relation  to  the  type  of 
fracture  originated  at  thoraco- 
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lurnbar  level  and  from  a 
biomechanical  point  of  view, 
these  lesions  may  be  classified 
in  7  different  categories:  1) 
Compressive  flexion,  2) 
Distractive  flexion,  3)  Lateral 
flexion,  4)  Translational  ,  5) 
Torsional  flexion  6)  Vertical 
compression  and  7)  Distractive 
Extensica  (6).  Denis  has  the 
concept  of  the  three  column 
spine.  The  posterior  column  or 
posterior  ligamentous  complex; 
the  middle  column,  including 
the  postexicr  longitudinal 
ligament,  posterior  annuius 
fibroEus  and  posterior  wall  of 
the  vertebral  body;  and  the 
anterior  column,  consisting  of 
the  anterior  vertebral  body, 
anterior  annulus  fibrosus,  and 
anterior  longitudinal  ligament. 
Major  spinal  injuries  are 
classified  into  four  different 
categories,  all  definable  in 
terms  of  the  degree  of 
involvement  of  each  of  the 
three  columns.  Each  type  is 
also  defined  in  terms  of  its 
particular  stability  (7). 

The  "compression  fracture"  is 
basically  stress  failure  of  the 
anterior  column  with  intact 
middle  column.  The  "burst 
fracture"  indicates  failure 
vinder  compieasion  of  both  the 
anterior  and  middle  columns. 
The  "seat  belt  type"  sp 
fracture  is  the  result 
failure  of  the  poster ioi  mid 
middle  columns  under  tension 
with  intact  anterior  hinge,  in 
"fracture  dislocations"  the 
structures  of  all  three  col-imns 
fail  from  forces  acting  i  v, 
various  degiees  from  one  or 
another  direction. 

The  most  frequent  compression 
fracture  injury  is  the 
compressive  flexion  or  anterior 
wedge  compression.  This  is  due 
to  the  combined  effect  of 
compress  io.u  secondary  to  the 
torque  force  and  longitudinal 


acceleration  and  hyperflexion 
of  the  pilot. 

The  worst  prognosis  of  these 
fractures  are  those  that 
involve  the  middle  and 
posterior  Denis'  columns  which 
ussuaily  result  in  acute  or 
chronic  progression  to  some 
degree  of  spinal  deformity, 
often  with  chronic  pain  or 
neurological  involvement. 

From  a  practical  point  of  view 
one  m-'y  consider  three  types  or 
categories  of  vertebral  injury 
with  progresively  worsening 
prognosis . 

Type  I:  Fracture  of  anterior 
wedge  only. 

Type  II:  Anterior  and  middle 
column  involvement. 

Type  III:  All  columns  affected. 
Type  1  fractures  very  rarely 
present  neurological 
involvement  unless  multiple 
vertebral  fractures  occur. 
Fortunately  this  is  the  most 
common  vertebral  injury.  The 
prognosis  of  type  i  lesions 
without  neurological  impairment 
is  very  favourable,  as  it  has 
been  estimated  that  >0%  of 
pilots  return  to  flying  duties 
(9)  after  a  follow-up  per  od  of 
between  3  and  6  months . 

Type  II  and  type  III  are  more 
likely  to  \jroqress  to 
instability,  rapid  onset 
vertebral  deformity  and 
concomitant  neurological 
involvement  (B). 

In  the  past  the  differentiation 
of  these  three  types  of  lesions 
has  been  supported  primarily  by 
conventional  raaiological  exam. 
However  the  presence  of  lesions 
at  the  posterior  medulary  canal 
the  presence  Qt  post** 
traumatic  myelopathy  and 
e.xtramedul  lai  y  cord  compromise 
as  a  result  of  mass  eft'-'t  such 
as  that  caused  by  '  *splaced 
bo.y  fragments,  fluid 
collections  (including  epidural 
and  subdural  hematomas)  and 
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penetrating  objects,  were  often 
missed  by  simple  radiology 
(10).  These  additional 
complications  would  be  evident 
on  MR.  Table  1  shows 
classification  of  diagnostic 
approach  according  to 
reliability  of  each  exam  in 
various  injury  locations. 

In  addition,  MR  gives  us 
information  regarding  a  wide 
spectrum  of  cord  changes,  from 
concussion  to  complete  cord 
transection.  The  spinal  cord 
reacts  to  trauma  quickly  and 
dynamically  with  hemorrhage, 
enzymatic  cord  destruction,  and 
superimposed  vascular  insult. 
Increasing  cord  compression 
results  in  a  progression  of 
injury  through  three  basic 
types  If  lesions:  type  A  - 
predominant  gray  matter 
cavitation,  type  B  -  white 
matter  large  fiber  destruction 
predominates,  and  type  C  - 
severe,  i  ambined  gray  and  white 
matter  lesion  in  a  connective 
tissue  scar.  A  major  advantage 
of  MR  is  its  ability  to  show 
the  cord  itself  and  its 
relationship  to  sourrounding 
structures.  Cord  edema  and 

■hemorrhage  frequently  occur 
after  spinal  trauma,  with  cord 
edema  begining  within  minutes 
of  injury  and  lasting  for  as 
long  as  20  days.  MR  is  the 

diagnostic  method  of  choice, 

having  been  shown  to  have  a 

high  sensitivity  for  detecting 
ede  a  and  hemorrhage  with  the 
ability  to  differentiate  the 
two  (13).  MR  is  superior  to  CT 
in  the  visualization  of  the 
spinal  cord  and  the  detect  icn 
of  coici  injury  (10,11,12). 

Pilots  who  have  sustained 
spinal  cord  injury  may  later 
undergo  clinical  deteriorai-ion 
or  neurologic  function 
secondary  to  post -traumatic 
progressive  myelopathy  . 


The  radiologic  approach  in 
diagnosing  traumatic  discal 
lesion  or  epidural  hematoma 
should  include  CT  myelography 
or  HR,  especially  in  the  case 
of  potential  neurological 
injury,  traumatic  disc 
hernia' ion  or  ligament 
involvement . 

MR  imaging  and  bone  scan  with 
TC99  are  useful  in  ruling  out 
vertebral  injury  j.n  individuals 
with  symptoms,  but  with 
negative  or  inconclusive 
conventional  radiologic  results 
(9,14)  . 

Due  to  the  lack  £>f  routine, 
serial  MR  studies  applied  to 
the  flying  community  there  is 
very  little  experience  in  the 
assessment  of  the  pilot 
subjected  to  acceleration 
forces  along  his  flying  career 
utilizing  this  imaging 
technique.  Thus  it  is  unclear 
whether  or  not  MR  could  be  a 
good  predictor  of  the  potential 
spine  impaircment  due  to 
repetitive  high  c  exposure. 
Cleary,  the  opportunity  for 
further  study  is  available  in 
this  particular  field.  A 
prospective  protocol  has  been 
stablished  since  January  1994 
in  the  SAf  in  order  to  evaluate 
the  real  value  of  the  MR  in 
precocious  detection  of  spine 
lesions  in  pilots  who  are 
exposed  to  a  high  G 
environment . 


CONCLUSIONS 

1.  The  clinical  assesment  of 
the  pilot  who  suffers  an 
aircraft  ejection  must  include 
a  complete  neurological  exam 
and  conventional  radiological 
studies,  but  is  not  complete 
without  MHI  in  order  to  rule 
out  medulary  involvement  and 
assist  in  assessment  of 
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prognosis  of  the  injury. 

2 .  MR  and  Bone  Scan  should  be 
performed  in  all  symptomatic 
patients  with  inconclusive 
traditional  radiological  exam. 

3 .  The  lack  of  current  data 
available  regarding  MRI  in 
pilots  should  result  in  the 
undertaking  of  prospective 
studies  in  order  to  develop 
experience  in  utilizing  this 
technique,  both  ho  better 
assess  postejection  injuries 
and  to  potentially  predict  the 
development  of  future  injury 
secondary  to  chronic  exposure 
to  the  high  G  environment. 
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INJURY  LOCATION  DIAGNOSTIC  EViVLUATION 


Medular 

1. 

MR 

Intradural 

1. 

MR 

2. 

Myelography  with  CT 

Extradural 

1. 

MR 

2. 

Mielography  with  CT 

Bone  structures 

MR 

and  Simple  radiology 

Table  1.  Radiologic  examination  of  choice  in  evaluating  various 
vertebral  injuries. 
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The  spine  is  the  central  orgaii  of  our  loconotor 
s/sten.  According  to  BliO(:ilElt(19i)7)  it  perfotns 
fuur  naiii  functions  such  as: 

-  protecting  central  nervous  svsleii.it  envolves 

-  providing  support  and  sLahility  to  the  trunk, 

-  facilitating  notion, 

-  taking,  absorbing,  and  distributing  loads 
•aithin  tlie  tody  as  a  kind  o(  elastic  spiiitg. 

The  functional  unity  of  tlio  spine  is  provided  by 
the  so-cailed  intorverlebrai  notor  sognoiit, 
according  to  JUIICIIIANS.  It  applies  to  the  notion 
spaces  between  two  vertebrae.  Ihe  aegneiit  is  nade 
up  by  the  inlervertcbnl  diskidiscus 
intervertcbralis),  the  liganentun  longitudinalc 
anterius  el  posterius,  the  iiiteivorlobraJ  joints, 
the  liganoiita  flava  and  the  spine  cliannel's  ,s|vico 
parts  situated  on  the  level  of  the  .segnoiils, 
iioreovor,  tlie  spaces  between  the  adjacent 
transverse  piocesses  and  the  spines  of  a  vertebra 
(Canalis  spinalis,  recessus  lateralis),  as  well 
as  liganeiita  interspinalia  and  supraspinalia.  Ihe 
notion  .segnents  put  up  with  static  as  well  as 
with  dyniinic  loads. 

1.  Physiology  ami  Pathology  of  the  Intervcilelnal 
Disk  (lU) 

The  largest  rndividual  conponent  ol  the  notion 
segiieiit  is  the  intervertebral  disk.  It  detuinine:; 
the  configuration  of  the  intervertcbi.il  space  at 
rest,  iiixler  load  conditions  and  wlxin  in  notion. 

Ivy  its  specific  elasticity  depending  upon  its 
water  content,  the  nucleus  gclatiiicsus  exercises 
pressure  in  all  directions,  nanely  ujiiiii  the 
adjacent  vertebrae  as  well  as  on  the  surrounding 
tibrous  ring. 

Under  load  conditions,  t.ho  intervertebral  disk, 
acts  as  a  butler,  absorbing  the  lurces  which  arc 
affecting  it  in  axial  sense,  and  curbs  the 
bending, winding,  and  shen.>-ing  foicrs.  .Sonn.iticii 
ol  all  the  notions  occurring  in  llie  rlilfcrci.t 
segnents  n.ikc  up  the  overall  nobility  ol  tlic 
spine. 

Uclinite  di.i'jnusis  ol  cetvic.il  or  lunliar  piolnpse 
■il  the  U'  is  ol  rieoisive  ijpoitancc  to  Uio 
ability  for  iiilit.ir/  1.1/ing  ilutie:;,  incur 
opinion. 


The  intervertebral  dish  consists  of  connecting 
tis.s>jc  cofiposed  nairily  of  anulus  flbrosus,  the 
fibrous  tissue,  and  of  nucleus  pul|iosus  which  is 
the  basic  r.iibr.tancs.  Anulus  fibrosus  is  fitnly 
linked  to  the  adjoining  coi|'US  vertebrae's  basic 
and  covering  plates.  I igancnlun  longitudinale 
antevias  et  irostcriur.  streiMjthnn  the  boumiary 
layers  of  the  intervertebral  disk. 

The  Host  icpoitant  cooponents  of  the 
intorvortebra)  disk  are;  Wuter  content,  collagen, 
(tyire  I  in  anulus  fibrosus,  t;'|ie  II  in  nucleus 
pul|)osus),  basic  substance  ||ii nteoglycaiies, 
nucopolisacaridos)  and  cells  ol  connecting  tissue 
(about  201  of  tire  total  voluno). 

Accordirrg  to  PilscilllL  (l!>3o)  ,nid  rd:YKi:/cuHi ,  HE 
(1912),  water  percentage  ol  tire  nucleus  pulposus 
r)f  the  nature  fetus  is  88’,  .is  referred  to  an  18- 
ycar  old  person  it  is  801,  ns  lor  n  77  year-old 
person  it  is  antiox.7oi,  Ihe  doenrase  ol  water 
content  also  reduces  the  turgor  of  the 
iirtcrvcrtehral  disk  ortd  thu:;  tiro  elasticity,  the 
rcsultiirg  dilfcrences  ol  pressur  e  provoke  a 
dcLerioialion  of  uolabolistr  unil  a  nodified 
colt|)ositiorr  of  the  iigrriil  in  belwoerr  the 
intcrverlebraf  disks.  Thus  lire  itecharrlctil  nrrd 
dyrtaiiic  lo.rd  capetcity  of  the  interverlrrbral  disk 
will  also  be  reduced. 

Acco’-diirg  to  muiiLCl!  |l'r69)  the  irrtervcrlebral 
disk  i.s  noui  ishird  by  v.rsculnr  iration  essentially 
t.nkiirg  pl.tcc  at  birth  but  which  is  rlisappcaring 
duriirg  the  the  first  Months  ol  life.  Accordirrg  to 
KlIAHlK's  theory  (I98r.r,  the  irtccivertebral  dish 
is  riuui  isliiat  aflei  A<trds  by  w.r,  ol  osnusis  arrd 
diflusion  dofientling  upon  pressure  between  the 
disks.  According  to  ll•H,'lll.HJl'll|1971)  the  pres.sure 
iiiterrsity  is  essrnittally  irriluerrcod  by  individual 
posture  (change  belwceri  orr-lo.rd  and  oll-loiid  of 
the  spitrci;  itrliuz  ui  liguiti  into  the  disk  tissue 
can  only  to  Ir.iced  up  to  a  7t.>  kp  irrlerdisciil 
prerisute. 

Thus,  auirtg  ol  tiro  intervertebral  disk  is  closely 
linked  to  its  loss  ol  lirprirl.  According  to  .Snilh, 
there  .nt  noro  nodilii.iUortr;;  in  the  third  decade 
ol  a  lileliuc,  there  r;.  .r  Iihrous  notlif  iention  ol 
the  drr;k  tissue  t.ikirrg  pl.rr.?  .liiclr  does  however 
not  lean  the  lows  of  el.i!,tir';ly,  Irr  the  forrrth 
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decado  there  is  a  fihrouE  ncdilicalion  conhined 
aitli  the  losE  of  elasticity,  and  in  the  fifties 
there  is  a  fornation  of  fihious  cunnsctinq  tissue 
clusters  and  first  signs  of  degeneiation  are 
bccuhing  evident. 

fach  degeneration  of  intei''.Titobral  disk  tissue 
is  resulting  in  changing  biorechanii'.il  qualities 
and  thus  in  lllSTABlbny.  Along  with  dageueration 
of  the  intervertebral  disks,  the  adjacent 
vertebrae  plates  are  danaqed  irreversibly  and  the 
bioscclinaical  balance  of  the  "llnl;  chain: 
vertebral  colunn*  is  severely  disturbed, 
p.irticularly  the  associated  pair  ol  vortcbral 
arch  joints. 

2.  Load  Tolerance  of  the  Intervertebial  bisk 

Sound  intervertebral  disks  support  nuch  higher 
nechanical  loads  tlian  tbo  adjoining  voitcbrac. 
According  to  SOHADA(19C2,)  at  the  luobar  spine 
.uca  load  linits  of  dbb  kg/cn2  vero  calculatal 
for  vertebrae  and  iiiO  kg/cii2  for  Iho 
intervertebral  disks  when  deteroining  the  linitu 
for  rupture  under  longitudinal  strains, 

When  investigating  axial  loads,  the  author  ol  tlio 
present  article  ascertain^  a  breaking  load  ol 
V3U  kg  tor  lunbar  vertebrae  and  1000  kg  for  the 
inlervert'.ibral  disk.  Horoover,  kOAfilSOOi  was 
able  to  prove  that  the  ligaaent  has  capacity  to 
absorb  high  energy  strains.  In  the  presence  of 
exaggerated  strain,  i.e.  excessive  traction  or 
bending  of  the  vertebral  colunn,  llierc  luglit 
rather  occur  a  conpression  ftacluio  ol  vertcbi.ie 
than  ligauent  rupture.  Only  when  rotation  war. 
added,  the  ligauent  structures  hurst  which  led  to 
dislocation  fractures.  Considering  those 
ftitdings,  isolated  trauirat isn  ol  the  sound 
intervertebral  di.sk  r-eotis  unlikely  to  occur 
with  ut  sirultaneous  injury  of  the  bone. 

Apart  fron  itervous  and  p.sychical  strains, 
aircraft  pilots  are  Borcover  oxporred  to  high 
strains  uporr  the  spine  and  the  inloi vertebral 
disks  by: 

-  acceleration  force;;  in  drveic.e  rUifictioiiB 

-  escape  by  ejection  scat 

-  exposure  to  vibratiorrs  irr  se.rt.ed  iKn.itintt  ol 
the  liody 

-  iorsobility 

-  uiradoguate  arrd  forced  unrrnlutal  po.sture:;  of  tli- 
body  over  long  period;;  of  tine 

-  additiorraf  loads  upon  Ir.'trl  and  cervical 
segirents  exercised  by  a  1  kg  heloct 

-  coBbtned  loads  such  as  duritrg  ,rrt  coiilr.rt  -rrid 
air  space  obveivaliort  when  high  .tciv'let.'l  kw 
forces  are  cttrrtittq  into  oliect. 


lie  attribute  special  inportance  to  the  high 
acceleration  forces  (g-forces)  on  the  cervical 
spin.-;  and  to  the  vibration  strains  exercised  upon 
the  'Whole  body  of  hollcopler  pilots  who  reitairr  in 
unadequatc  and  forced  unnatural  postures. 

As  the  above-Bentioned  load  lioits  apply  to  a 
souiid  intervertebral  disk,  the  load  tolerance  of 
an  affected  disk  (prolapse)  is  considerably 
reduced. 

3.  Clinical  I’racLico  arul  Diagnosis  of 
Intervertebral  bisk  Lesion 

Accotdirrg  to  BllircctlidOCO),  intervertebral  disk 
prolapse  occurs  in  the  loliowing  segneiits  of  the 


spine: 

-  luobar:  l.l/'a  and  l.b/Sl  :  .'i'iOl 

L3/1  ;  )r.O 

L2,'3  ;  bO 

L)/2  ;  II) 

cervical;  Cj/6  aitd  C6,'7  ;  10,  oacli 

C4,'b  :  10 

thorecal;  Ull,'12  ;  9 


Ividonlly  the  iunbo-s.rcral  ai'.'.r  is  aflectcd  in 
the  lirst  place. 

Cuitsidoring  clinical  and  neurological  dingiiosis 
■we  distinguish  between:  local  cervical  or  lunbnr 
syndronc,  radicular  periphcrical  pail)  symirones, 
radicular  synplon;;  with  inp.iiinenl  of  nervous 
luiicliuns  as  referred  to  iiulion  and  .sensitivity, 
as  'well  as  deficient  rofloxe:;  and  spin.il 
synptons.  Moreover,  there  could  he  observed 
cerebral,  vascular,  psuuduradiculai  conplexos  as 
■Jell  as  nixtures  of  the  syrploiK  as  nentioned 
above. 

Here  we  use  the  cliaracterisLic  nuscul.ir  diagnosis 
proecdote,  dynanonele:  control  according  to 
.TCIltlD  or  JAIIbA  and  tlii  well  known  sensibility 
scliencs  in  their  nodified  version  a:;  described  by 
HUMIIEIIIIb\l.l,li  aitd  SCIIIAK. 

Apart  Iron  anannesis  and  clinical  exaBtiiation  wo 
dispose  no'wadays  of  varied  figurative  diagnosis 
procedures.  On  principle,  however,  one  has  to 
keep  in  niiui  that  radiological  iindtng:'.  cannot  be 
consideKal  to  be  absolutely  reliable.  Their  real 
clinical  inportaiice  only  bcconi:s  evident  when 
aii.'unesi:'.,  clinical  exaniiraliuns  in  the  fteiJ  ol 
neurology  or  neuro-physioiugical  tests  have  been 
cart  ied  through,  fc'e  proporre  to  rake  a  diagnosis 
step  by  step,  a;,  loilows: 

-  i'lwjul.ir  X-r.iy  pictures  ol  the  colunn  segnont  in 
guestion  siiould  be  B.iile  in  ,i  p  .mil  in  lateral 
project  i'.ui. 


-  x-ray  picturfs  facullaiivciy  taken  in  ineJinod 
position, 

-  x-ray-pictures  of  tlio  spine  taken  under  working 
conditions  in  forward,  backwatd  and  sidevay 
inclination  and  in  rotation, 

-  conventional  tonography  to  be  carried  through 
in  rare  cases, 

-  nyeloqraphy,  to  be  peiforiicd  in  rare  cases, 

-  couputed  tonography, 

-  Cl-nyelography, 

-  llkT  -  nagnctic  rosonance  tonography. 

Tlic  nctliods  to  be  applied  depejid  upon  clinical 
findings,  treatnent  as  initiated  and  above  all  , 
when  surgery  i.s  deened  necessary. 

Neurophysiological  nethods  of  exanin.it ion  are 
electro-encapiMlography,  evoked  potejitials, 
electro-nyeloqraphy,  electro-neurography,  and 
u  1  traaound-Doppler-sonograpliy . 

By  nean.s  of  discography,  conputed  tonography  ami 
HRI,  intervertebral  disk  prolapse  can  be 
classified; 

interdiscal  fissures  (protrusion,  degree  !  and 
II,  protrusion  with  aub-liganental  sequesters), 
prolapse  of  the  disk  [connected  oi'  (tee 
sequester)  -  these  iteos  ate  iopoilanl 

for  tile  therapy  to  be  applied  and  the  prognoses 
for  a  succes.sful  treatnent. 

Diagnostical  and  therapeutical  problens  oay  arise 
when  additional  degenerative  alterations  ol  the 
notion  systes  occur  cuch  as: 

Spondylarthrosis , unco-vet  tebi a) arthrosis , 
osteochondrosis,  liganental  s|K)iiilyloi.i.'i, 
inflaiinalioiis  of  the  periphencaJ.  nerve  root. 

■1.  Therapy  of  Intervertebral  Disk  lesions 
In  case  of  a  diagnosis  of  cervical  or  lunbar 
ijitorvertebral  di.sk  |iro lapse,  imlepcndent  of  the 
distinct  iveaess  of  clinical  .syoptonr.,  the 
respective  pilot  is  not  apt  lor  nilitary  flying 
duties  for  the  next  6  nonths.  The  adequate 
conventional  or  operative  therapy  will  bo 
inili-ated  with  Stallonary  .hospital  trealnenl  er 
on  an  outpatient'.';  Irasi:;. 

1.1.  L'unscrvativc  Iherapy  Hoar.iiros. 

kccordiug  to  KRAher  il'lSu)  approxiuatciy  98'  ol 
intervertebral  disk  prolapses  are  treated  b. 
coirsei votive  neons.  In  the  acute  phase,  the 
tollowing  nea.sureu  are  applied,  such  as  iclievinq 
positioning  (in  a  beiched  bed,  for  cxanplc,  lor 
p.iinlree  rest,  or  extensions),  innobilisatioii  by 
neons  of  a  plastic  collar  or  corset  .tor 
redressenoiit  and  relief;  druq  fbei.ipy  for 


analgesic  purposes,  nyorelaxation  and 
detunescenco;  and  electrotherapy.  Afterwards, 
therapeutical  neasures  are  adninistered  for 
rehabilitation  of  nusculat  and  nervous  functions. 
Shortened  sets  of  nuscles  are  extended,  weakened 
sets  of  Buscles  will  be  rebuilt,  iunctional 
disturbances  will  be  treated  nanually.  In  a 
special  gymiastics'  progran,  the  correct  posture 
for  an  ideal  vertebral  colunn  will  be 
taught  ( ‘■Ruckenschu  lo" ) . 
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4.2.  Surgery 

Before  proceding  to  intervertebral  disk  surgery, 
the  operating  surgeon  should  answer  the 
following  que.stions  to  hinself  (according  to 
HEDIHMH  1988); 

1.1s  there  an  unanbiguous  pathoanetonical  cause 
for  root  conpression? 

2.  Arc  there  any  furtlwr  conpression  factors, 
like  a  narrow  .spinal  canal  or  recess? 

3.  Hhat  will  be  the  consequences  upon  the 
:  gneiital  stability  when  fuithei  decoupression 
has  been  realised  as  planned  ? 

4.  Would  this  case  of  prolapse  nut  rather  require 
a  less  invasive  therapy,  like  percutaneous 
dibcotony? 

Which  would  be  the  best  way  to  niniiiizc  post- 
oireralive  adhesions? 

6.  Are  there  tangible  reasons  to  expect  lint 
surgery  will  lead  to  a  norc  favourable  course 
than  the  conservative  therapy;  wore  all  ad^qu.ilc 
cunscrvatjve  seasures  exiiaustod? 

7.  Do  we  find  any  psychogenic  factors  apart  Iron 
the  organic  cooponents? 

8.  Are  individual  pain  factors  of  the  ovc/.iU 
sytiptoiis  partly  clarified  and  can  suigery  bring 
about  a  change  lor  the  bettor? 

If  tlieie  renain  certain  doubts  as  far  as  the 
indication  is  concerned  and  if  the  case  is  not 
urgent,  surgery  should  not  be  perforaed. 

In  Berlin,  1909,  the  tean  mUSE/OI'hlllllKlN 
carried  out  the  first  intervertebral  di.sk 
operation  ,  in  1929  ALAJOUIlllli:  perlorced  the  sane 
operation  in  I'rance  and  in  the  sane  year,  DAHDV 
untertook  it  for  the  lirst  tine  in  the  U.SA.  In 
spite  of  lengthy  experience  in  this  field, 
indication  and  extent  of  inteivcrtcbial  disk 
surgery  are  disputed. 

Advancing  or  prinarily  functional  paresis  and 
cauda-syndroiic  are  absolute  indications  tor 
discotoay.  As  relative  indications  we  consider 
radicular  luobar  nyndrone,  six  weeks'  i-impeteiil 
conservative  orthopedic  treatiicnt,  positive 
correlating  CT  or  MKf,  free  or  sub-ligaacntal 
segiiesler,  coirbined  discogenic-  o;..;cuur, 
conpression  ol  tbc  nervous  roots  arrd  the  patient' 
sutferinq  -js  well  as  non-exislcnl  or 
insigniticant  luiescs. 

The  lollowing  type.s  of  surqcr,'  an;  I  iMsiblc: 

4.2.1.  Coiiveiitioiial  discutuny 

According  to  KkAHlk  (193C)  coiivenlional  discolony 
carried  out  in  licro-lcchnigue  should  be 
pri’ferted  considering  the  better  results  achieved 
by  it.  Blandardired  pro<.'edun.'  is  interLminar 
windowing  (flaVcctoiiy)  with  seguoster  loHoval  and 


ID  cctony.lii  the  case  of  dislocated  sequesters, 
hcoi-laDinecUay  is  indicateii,  for  laciiiectoiiy  to 
be  carried  out  on  a  routina  basis  responsiblity 
cannot  be  taken  considering  postoperative 
adhesions  and  the  loss  of  stability 
(HlirfE/PAIIJABI  1978); (tifiACOVtTSKlI  1987).  The 
results  of  conveiitional  ID  surgery  technique  vary 
between  77|  related  to  11x00  (according  to 
(kOTIlHAllll/SIHEOHE  1982)  and  m  related  to  1550 
surgeries  (according  to  StllHlTT  1984), The  success 
rate  of  sicro -surgery  of  the  intervertebral  disk 
varies  between  911  and  984  (GuALb  1978;  HILLIAHS 
19-/8;  Blllias  1931;  EBELlllG  1984). 

1.2.2.  Percutaneous  nucleotony 

Anong  different  types  of  therapy  for  lunbal 
interverteoral  disk  prolapse,  percutaneous 
nucleotony  represents  the  le.se  intensive  surgical 
procedure.  Bo  distinguish  between  non-autonated 
(llAPLb-nethod)  and  autouated  lAI’hb)  percutaneous 
dibcotony.  In  1974,  llOPl'tlll'ELb  carried  out  Ihi.s 
type  of  surgery  applying  stab  incision  under- 
local  anaesthesia  with  the  iiiloiitioii  to  cut  short 
lisopitalisation.  in  197b,  IIIJIKATA  and  assistants 
were  the  first  to  iirtroducc  a  conplete  series  of 
sur-gical  Instruucnts  for  percutaneous  nucleotony 
and  to  fornuUtc  the  objective  lor  the  surgery 
which  is  intr.-adiscal  dec'otrpicssioit  with  reduction 
of  inlradiscal  pressure  by  renovinq  nucleus 
natcrial.  IIULT(19bl)  and  lUdJKATA  (1989) 
additionally  |K)iiil  out  to  the  inportance  ol 
aiiulus  windowing.  Apart  Iron  the  degree  of 
inlcrvcrtebral  disk  prolapse  lire  anount  of  tissue 
rcnoval  soeos  to  be  ol  progirontic  inportance  lor 
successlul  surgery.  IIIJIKATA  11989)  and 
(;fAil.i'i(i98v)  both  indicatp  i.b  g  as  being  the 
ideal  guanlity,  while  quanlilicatiun  proves  to  be 
(lillicult.  In  a  twelr'e  years'  lollo'w-up  study 
IIIJIKAIA  (19891  was  able  to  prove  a  'li\  success. 
(Tee  segucsleis  as  well  a.s  sub-ligaoeiital 
sequesters  are  to  be  considered  as 
contraindicalive  for  percul.riieoti;;  rUscotony. 

4.2.3.  Cheoonucleolysis 

ChononiH'leoly.si.s  i.s  lire  iion-jaiigiv'.i!  enxyn.il!(' 
tonoval  of  nalci  rat  of  the  iiucidus  pulposus.  In 
1963,  (.EyHAIIII/SUrrit  perlorncU  papain  injection  in 
the  intervei lobral  drsk  lor  the  lirst  tise  and 
reports  good  results  in  861  ol  the  rases. 

The  Irrsl  I'xperiuents  exatirtirig  chenonuclealysis 
on  the  basis  ol  collagenase  were  carried  through 
by  .'•.ussmtill  (1908)  and  SI'B:;H,',IIII  milll  11969), 
Applyirtg  this  nethod  it  t.s  iiiport.rnt  to  seleet 
the  appfoprialt;  patient  am'  to  choose  low-dose- 
chyuopapain  injectron  in  order  to  itiniaize 
conplicatons.  I  total  sl'ccesv.  ratu  ol  70  to  751 
is  slated. 


4.^.4.  :iijrqery  of  Cervical  Intervertebral  Disk 
Prolapse 

Surgery  of  cervical  intervertebral  disk  prolapse 
is  now  separatelytakon  into  consideration. 

Ventral  procedure  is  prevalescenl  in  its  general 
irjxjrtance  as  well  as  in  frequency,  nothods  are 
defined  by  CLWARD  (19b8)  and  SHira/HODlllSOil 
(1958).  As  a  rule  the  extraction  of  the 
intervertebral  disk  is  conbined  with  fusion  of 
the  cervical  corpus  vertebrae  by  ventral  surgery. 
If,  due  to  clinical  and  radiological  findings  wc 
face  the  so-called  hard-disc-comlilioned  pain  by 
conpression  of  the  nervous  toots,  ujico- 
forancnotony  should  be  carried  through 
additionally,  as  described  by  UtIG/KIIIR  (1979). 
Surgery  of  chronical  cervical  nyelopatliy  in  tlio 
ca.se  of  nultiple  intervertebral  disk  protrusions 
is  carried  through  dorsally  (by  ocans  ol 
lauincctosy).  for  taintenance  of  a  stable 
cervical  spine  the  fusion  of  the  notion  segnent 
is  essential.  In  the  first  placu  allogcncuus 
osseous  pins  taken  Iron  the  crest  ol  iliun  aic 
applied,  less  Irequently  hooolo(jcneous  osseous 
pins,  "Kiolet  Knochen"  (bonu  chips  ol  anin.ilsl, 
bone  cenent,  Palaces  or  Sulfix  (RuoSlII  19791.  .’s 
degenerative  diseases  ol  the  spine  aic  cluonic  it 
is  osficntiai  to  naintaln  the  correct 
postoperative  caie  lor  a  null icieiilly  long 
period.  This  applies  to  the  conservative  ne.ir.'iies 
.ls  well  as  to  the  phases  lollowing  suigeiy.  The" 
ten  rules  ol  the  RCckcnschule’Isjjecial  gynn.ist ics 
piogran  to  train  correct  posture  ol  th-  spinel 
according  to  KRAHfR  have  proved  to  he  vet, 
helpful  lor  social  and  prolessional 
rehabilitation  as  well  as  physiothoi.ipriitic.il 
neasures . 

4.1.  Conplieations  .And  failures  ol  lniervei  tebi.il 
Disk  liuigery 

Host  frequent  cooplicalions  are  bjic  iniuiins  ol 
the  dura  which  occur  nostly  with  .idheient 
prolapses  and  with  reiK'itcd  dit.cotonii’s.  lot 
ficlur.ivi'ly  nicrusuigic.il  si'i  ics  ol  ii|i"iat  ions 
(duALD  1''78,-  WfLl.UHS  19V8)  .ind  with  t.'lennc-  to 
P'TCUtaneuu;.  discotoliics  no  duia  injuiics  could 
be  observed  so  far.  ,As  a  rule,  dui,i  unjuiies  I'.iy 
be  covered  by  sutura  without  any  coiir.i’quenc,*:.  ot, 
in  the  case  ol  ilaiage:,,  by  l,uphilij‘'d  duia  m  b, 
liee  pl.i.stic  surgery  using  latt,  flap;..  I";;:, 
frequently  occur  conplicalion;.  ii.  the  sense  ol 
nerve  lesions  which,  in  nosl  c.i;':.,  .iti-  c.iused  h, 
high  tension  on  tin.'  n-'rve  root  if II  l'is):i..r.  i: 
lllflstiH  1982:  0.8^1  and  va.‘.cu!.ir  losinns. 
Aerordiiig  to  RlLboW  119821  we  HikI  posfoperat i'.'' 
intoctions  in  2.9'  ot  the  cas.zs,  acconling  to 
lIllDlHIlR.l'VlkKANlll  |198.’)in  O.V')'  ol  th,  ca:;-::. 
According  to  GOAI.D  1  1978)  and  *11  l.l.’.lli;  lluvf,)  i,i 


series  ol  nicro-surqerics  there  were  no 
postoperative  disk  inflanDations. 
SUtZAKA/SClIRClDtk  (1988)  am!  HAYEK/liOCK  (1988) 
discovered  a  hiqlter  percentage  ol  postoperative 
infections  with  percutaneous  discotony  as 
conpared  to  convenlionai  disculoDy. 

IViifures  of  intervertebral  disk  operations  are 
due  to: 

-  crroiicoirs  identification  oi  the  segrjcnt  to 
undergo  surgery 

-  non-identilied  free  segueslor 

-  Dinioal  osseous  dcconpresslon 

-  posloiwrative  iatrogenic  in:;labilit/ 

-  persistent  anulus  bulging 

-  recurrent  prolapse 

-  epidural  fibrosis 

'  segnontal  instabrlity 

-  facet  syiidrone  with  nininun  .segocnlal 
in:;Ubiiity 

•  arachnitis. 

Ky  origin,  the  posl-disiotony-syiidrorie  |i’Ds)iii 
the  narrow  sense  is  a  conbinalion  ol  epidural 
libtosis,  :;ubdui.il  adhesive  ar.iclinit is  an:i 
scqnental  instability,  evciilu.il I y  conbined  with 
persistent  .inulus  bulging  .ind  iccurreiit  prolapse, 
lurllier  tevislonal  surgeries  aic  r.irely 
:;ucce;;slul.  At  tire  pre.sence  ol  epidural  libiosis 
•md  instability,  p.ilicnts  arc  vety  l ('Spon:; i vc  to 
llexion  therapy  ami  imiion  suig'i,.  iloutso  and 
prognosis  ul  arachnitis  ate  Ir.iidi,  to  be  judgetl. 
In  sugnary,  adcguale  di.rgnre  i:'.  i;;  rigwrative  air 
well  as  tiurgery  teclrnigucs  which  do  not  pul  too 
nuch  struin  airon  the  patient,  ami  an  rileguatu 
|w.lu|iorali .0  care. 

•>.  JrtdgenonI  ol  .’.bility  lot  Hilitar,  tl,ing 
Duties 

lot  lire  a:'.:res:'.ut'nl  ul  the  ahrlily  lot  riilitaiy 
Hying  duties,  ■•onsutertirg  the  high  strains  upon 
flic  spine  and  the  inte>'.ett.bi.il  disks  due  to 
lliiirq  in  j  let  aiict.'ll  with  election  iilmI  and 
high  g-jcccleiatioirs  in  a  se.it'  d  pu:,  it  run,  the 
.im.wors  to  Ilk  lunu..ing  guei.tions  i;.  ol  .ifal 
loljoitanie: 

I.  Localisation  ol  tiro  intei  ."i  lehr  il  disk  le;,ioa 
lluuUil,  cet.ical  or  thoracal  I'Ot.itioni; 

Ixlcnt  ol  the  inlei.erlebr.il  di:.k  l.stoii 
lptolru.ston,  prolap:.",  Itee  s'-gu  "  let  I,' 

I.  ID  lesion  til  one  oi  note  h"iri.'iili.; 

I.  Is  tlieie  a  iMtiuw  :piiiai  cuial  or  a  nairow 
lecvssus,  adilitronall,; 

Result  u'  an  .idegiiat''  con;  "i  ..it  i ve  therapy  or 
:ruigic.il  intervenlioii; 

*eie  surgeries  c.ittied  tliionrti  lot  luither 
le.i.eoiis  dei-onpl ion  ol  lu:.ioii; 

;.  «iiirh  ate  Ihi'  s|)ecili(:  aiic.ilt  t.liain:.; 
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e.  Ilov  js  nuocul.u  stability  of  tlio  tiuiik  .oiii  ol 
llic  cetvital  nusulcs  achievKl; 

9.  Ilov  are  co  'iwrable  strain;,  toleratod  .illor 
surgery  (like  s|X)rts  activities,  virtual  strain 
test  iiiuler  tlic  observation  of  the  flight  surgeon 
and  ol  tho  sua|)on  systen  operator; 

;;i):  Month:;  after  the  lirst  diagnosis,  th-  ability 
for  Military  flying  duties  is  asscs;.''d 
considering  the  clinical  and  radioloitii-.il 
diagnoses  a.s  acll  as  after  .in  .idcquatc 
conventional  or  surgical  treatnent. 

b.l.  t'ervical  111  prolapse 

,\t  lliG  given  diagnosis  ol  cci.  icil  11)  piolapse, 
lie  consider  that  there  is  no  ability  lor  nililaiy 
flying  duties  neithei  on  a  jet  aiicr.ilt  vith  an 
ejoction  scat  nor  on  a  hclicoptor  vith  liluli 
vibration  strains,  indcpand.viit  ol  the  results  ol 
an  eventual  surgery  ur  an,  conservali'.e  ticatnent 
applied,  uur  decision  is  based  upon  th"  eyticri'' 
stiaiiis  ujion  cervical  segneiils  ihich  night  occui 
by  way  ol  leverage  coning  about  by  liigli 
acceler,ition  lorces  in  various  directions  oi  b, 
additional  strains  ol  the  cervical  V‘.'iL''bral 
cclunn  due  to  the  helact  which  has  a  weight  ol 
appro):,  i  kg  weight,  or  h,  aytrene  stiains  in  aii 
conbat  and  during  air  o-  'i'.alion,wli‘'n  the  piloi 
iMs  to  apply  high  eneig,  ion. os  against 
centiilugal  foices.  .Is  the  uccuiianco  gl  an 
isol.ited  Iraunalic  lU  proiapso  doc;,  ngl 
plausible,  <.j  have  lu  cuiisidig  .i  lat'iit  IP 
disease  due  to  a  genetically  dolerniisM  gu-ilit, 
ol  lb  tissue,  even  il  we  tln<l  in  th.'  C|  o,  Hkl 
onl,  a  Mono-s.-gnontal  lb  lesion. 

».e  also  know  that  after  fusion  suigg,,  the 
•idiicont  Motion  segnents  an  ,.,po:.e.|  to  in'ir.i..d 
stiiiins.  tunclional  distuibaiicc;.  and  pienilun 
signs  ol  aear  ol  all  cogponent.s  of  the  notion 
segih'nt  night  appear  lote  lie.|U"ntl,.  'nothii 
aspect  is  lii.ilion  of  the  veiteial  coIumii  on  th" 
seat  of  the  pilot.  Thoracal  and  iliacal  ..  rl.-lo  il 
coluDil  .III)  utabiii.ed  b,  th-.  seal  and  tie.  t."lt 
Sjsteli,  the  cei.ical  p.irt  ol  the  spiii"  is  iu:.l 
support. 'll  dorsal  !y  by  th"  headi  -st, 

Huscular  stabil i/at  ion  ol  th"  .  et.icil  s.gni-nt- 
b|  th.’  neck  auscle:,  is  nore  unl.i.oui.ibli'  b. 
.in.itoaic  standards  as  cuap.ire.l  to  musi'uUi 
st.ibilisation  ot  the  iliacal  v.gl''bial  culuan  b, 
the  tiunk  Muscles. 

liter  successful  Ucatoenl  ind  ii'tiabiiilitiun 
conveision  training  (lot  eiduple  on  a  tlwt  oi 
B'U'  aircraft!  may  be  initiat.,.<l. 

UnUir  Intervertebral  Disk  brolaps" 


conplete  cure  oi  uiiiinal  residues  of  irritated 
root  syiidrone,  sulticic'iil  spine  nobility,  freodon 
Iron  pain  even  under  .sti.iins,  as  well  as  a  good 
stabilisation  of  the  lunbar  vcitebral  colunn  by 
sti  engtiioiicil  Iriini;  Muscles,  wo  considor  the 
ability  for  nilitary  flying  duties  to  be  restored 
alter  six  nunths'  break.  In  ■'  beginning, 
clinical  cxaiiinations  shouUi  ,.e  realised  b,  the 
night  surgeon  on  a  regular  basis.  In  tho  c.  e  ol 
rccurieiit  conplainls  ability  for  nilitary  flying 
duties  c.iiinol  be  recognized,  lloi cover,  in  the 
c.ic.e  ol  liiiiliar  intervcrlcbr.il  disk  piulapses  and 
Iheir  surgical  Iroaltieiit  with  luiUier  osseous 
deconptcssionl  p.ci'.  lai.liieclnnyl  we  do  not 
considei  that  tliei"  is  sullicient  ability  for 
nilitary  I  lying  duties  . 
nor  t.ivorable  il"cisioii:'.  il"pi'iiil  upon  a  good 
iiusculai  stall! lls.iliun  ol  the  lii.vbar  V’crtubial 
colunn  by  oplitiilly  ti.ilii"d  tiiink  nuscles, 
fixation  ol  the  hunk  on  Ihe  i.".it  .md  by  M".ins  oi 
the  licit  systen  tliui.  achieving  i  ninioun  ol 
i.lruin  exeiciscil  h,  Icveiag"  .iiid  lotalion.  In 
oidei  to  niiiini  '  ID  al  led  ions  oi  igiii.iti'd  by 
viloalion  i.ti.iins  upon  lli.-  whol  -  bod,,  we 
|‘•connend  icduclion  ol  |i,ing  ligui:'.  p’l  d.i,  .iinl 
,"!r. 

1. .  llunnai  y 

III"  int.'iv"tld.g  il  disk,  (••■iiliil  clen.'iil  ol  (li.' 
i.olion  :..go.'nt,  o,i,  b.-  cx|ioSi'd  In  high  stum: 
.hicho.cur  wh-  n  pi  lot  imi  a  i- '  ■I'lci  .ill  or  a 

II  I'Ciipt"!.  |.■•ol.l^,■d  ti.i\in.ilic  in  b  '  liin'.  due  to 
tiling  i.ti-iiii:.  uo  piobild,  nn1  cone  into 
l■ll,.t■lllc  ii.-lllivi  III  dcg.'ii't.)'  Mill  .I'cnidiiig  to 
oui  jniujl  fin'liiigs  and  kne.b  li"  d  th"  D.ittor. 
r.ls  n  lli'i"  1..  .Ill  uvui  it  ■  di  I'llloi  i:  IS  to  lb 
pm  I. Ip  .  on:  i.n  I  iiig  clini',1  iii.l  i  i'iiolugic,iI 
linUinu:.,  ibilit,  tui  nilitii,  I  I ,  in  i  dot  l  v.  is 
■.iiipl.'d  lor  Ih-'  ti'xt  i  ll  n-iiHis.  'il•■i)u.lte 

tl|.'I.lp,,  rith"!  b,  CUPS.  I  ill  m  l  UMlC.ll 

Ireatinnt,  is  lu  b"  init  i,it.il.  In  th"  else  ul 
v'.'i.icil  lb  piulH'.se  ho*. ’."I,  .  Id  not  r'Migni.'e 
.ibilit,  toi  iiilil.ii,  il,ing  dull'.,  loi  pilots  ul 
let  .liici  itt  i.  ited  on  in  ei'  liun  it  and  tui 
h'licopter  pilot-  ,  "  'll  .ill  -i  g.'').l  |r:,uli;,  ol 
'  I ••  il n.-iil .  'it- 1  lunbii  lb  I'l.il  ipS"  iii'l  gool 

I- suit-..  Ill  ti  c.-tic.  .it  mli.ld  1  th-  ibilit,  loi 

III  I  it  11,  ll,ing  dot  ICS  a:,  b  -ing  i  :  lor.-il. 
IIhIl.iIU-I  and  *11.11  III  liii.t  ll,ilig  :h..lii:.  ..  I 
III,  the  ie:.ponsib|.  1 1  Mbit  sui'i-on  i.buuld  ei.itino 
thr-  pilot  legglol,,  il  but  in  th-'  b-npinning. 


Alter  ruccessiul  ronseivativc  ot  sutUKal 
trealient  of  luibar  ID  ptolapi.o,  that  Mo.in:. 
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I.  Summary: 

litouusc  cNcii  ihc  niHiuaU)  twalihy  piUns  sullct  Irom 
ihc  unUuI  and  dcgciuMauun  ut  die  spine,  sudden 
^^sllCNs  ina\  lead  Ui  ainipiessunvs  ni  s{'>inui  ikiacs  it 
dcjicncralcst  inlcneitcbia!  discs  pmuude  inio  du* 
inliaspumi  sf)acc. 

Tn  uvtiid  risks  U)  general  llijihl  wlsl>  as  well  as  lo  ihc 
piltil's  hcallh,  back  (tain  and  sciadic  sNndi<MiK’s  tuisc  to 
U'  al  ualcd  aciomcdicaj  i> 

I'lic  ctunrnon  niclhods  lo  iiucMigalc  ihc  cause  o( 
spinal-nerve  aticcUoiis  can  Iv  div  idcd  tiiUMtucc  vic{>s 

I'lisi  ihc  ir.tcnstiu'u  inicrto^Miiun  and  clinual 
cs.iminaiion  ol  the  pilol,  which  usuallv  leads  t<»  tlu* 
it^uuh  sficciheaiion  ol  the  Itvaiion  oi  the  lesion  as 
well  as  a  tirsi  hvpoihesi*.  ol  the  cause  ic  A 
pr4>hahi\  iiauinahe  lesion  ot  the  Ull  liisi  ihoiaeai 
iKisel 

Second  lisuallv  eonu  ladh'ln^uai  niclhiKis  siuh  as  \ 
laV  ol  ihe  spine  and.  mote  pioinisinii  a  \  lav 
compiJlei  («>mo^rjph>  ((  1  )  and  in  diltieuli  eases 
niajmeiic  rc'onanec  imatnn^-  iMKl).  which  can 
Jitlicniiau*  between  tuniois  and  piotusions  ol 
(nU’iAciicbrai  discs 

In  the  ihird  siep  the  CMcni  ol  ihc  daiiu^c  is  evaloalcd 
l)>  neuiophvsi(»iouical  iucdu*ds  !  lom  iht  vicwumiu 
i»l  aeioitf.  dicai  dcsision  making  this  step  S'*  ihc  tnosi 
cnlica! 

I  (Ik  ''iMUihle  tiK'lh.>ds  <Ik  ii  .ut  ihc  lollutt  iri^’  used  in 
ihcCtAl  liismule<»|  ^^lalli»n  Mediiiru  itiAl  lAMl 
IJccir(imvi  ):raphv  I  asi  r.nhci  .u*  utalc  and  idiahlc. 
ihouyn  It  iOViis  imK  the  iiiotoiKal  fxiil  ihc  nerve 

fi  W 

Wijuijnaphv  I  wa»t  tiu asufciiunis  can  Jcicii 

l.'Mons  in  Ihc  mii|n;ii.-ai  pari  ol  iht  nerve  i«s>i 

S. >mal« 'sens*»f\  l-Miked  PoienliaJs  i  SI  P)  Ifiiui^'h 

tiire-«  oiisunniiK  and  deiiuiidin^c  ihev  «ilU  t  the  milv 

wuv  to  measure  senvorv  delicUs 

^1aj:rH*lu  all;.  I  voied  f-Viienuals  *v*'t  av  ail.ihir 

l>>  iltusuale  llu*  dc<..isi<>ii  making  pi*H.ess  e\jnif>ics 

.aedcliu  tflsUaud 


2.\bbt*ev|iiilanN  ikiitl  dennlliuns: 

Spmal  iicivt’s  will  tn.’ abbic'Vialc  Ihc  liisl  ccivieal 
nei\e  will  Iv  ealled  ihe  ihiul  ihoiae.il  neivt'  will 
he  called  .,Th  -V'  .  the  lilih  lumbal  ncive  will  be  called 
JS\  and  ihc  Insi  saeial  ..SI**. 

I  be  intei veilehial  tlises  will  he  named  aceoidm[’  to  llie 
adjoining  vvileblae.  e.^.  .;i  pioliiision  ol  ]])i  dise 
I..S/S1-. 

A  piotiiision  ol  an  inu'rteiu'bi.il  disi  is  a  minoi 
bulgiii|!  eomi'aied  u*  a  pitilaps,  whcic  the  liiiamenud 
suueiuies  an  lupimed  and  there  inav  bi  an  dishvaicd 
pieie  oi  the  dtM.  sausin^  svniptoins. 

A  iicr'e  iiiitalion  causes  |vun  oi  |>diacsilKsia.  whcicas 
a  iH'ive  etnnpicssioii  wtll  cause  scn\4ii\  oi  inolMiic.d 
delieilsti  e  ailaestlK’sia  oi  |>aies)s) 

S.  Anatomy  and  Fatho)ui(>; 

I  he  Ccnhal  iieiviius  .Svsu'in  e»>nsiM',  oi  Unh  biaui  and 
the  spinal  eoid. 

I  he  iViipheial  nerve  svsiciu  si.nts  k  ilh  the'  neivtosiis 
ol  the  « ram.il  Ol  spinal  neoes  Iht  spinal  lu-Mes  leave 
the  spmc  thii>u^*h  toi.iinnu  mieni  tii  hi.ilGi 
I  ivuie  No  I 


I  IAMelH»i  toiU  vs  iih  sprn.tl  ^mm^Iumi  » yen'-  m  \ ; 
J  Aiitelioi  I*. •Ill  tinoUHKal) 

^  Spinal  nvtec 
4  \  eiiclNa(iir<tt,tcal) 

liiUiVi  ikU^  holt  (liitaiiKn  nUeiveileUale  i 


f'trirnUil  Hi  I.'  • 


Ihi  (  IihiihI  Hhmi  fin  Aenmtnhi  til  Makinff  .  Afmi  /VKM 


litvausc  ui  ihc  aruU(iniical  diim'n.smn.s  (see  l-i^urc  Niv. 

1  ),  Uie  niosi  eniical  siaiums  Ini  I'Kissihk'  Icmohs  «»!' 
ihc  nei  vc  aie  ihc  iiucrvcricbral  hnlcs.  II  niie  would 
dtaw  ihe  cut  through  Ihr  human  spine  ju.sl  u  hiilc  nil 
hi^’bei  (a'  lowci  lhan  in  I'lyurt*  No.  1  one  ean  see  Ihe 
inicrvcilebial  diw,  as  shown  in  iiguie  N(x  2. 

In  il  Ihe  niosi  eoninmn  causes  ot  spinal  ncivc 
irnlaiion  aic  denionslialcd.  On  ihe  Icfi  one  can  see  a 
coinpicssion  ol  a  nenc  umU.  Iiiiihcr  eoniphcaicd  b> 
icacUve  intlainmaioiy  swelling. 

'I'he  eause  ol  ihe  neise  iiiiiudon  on  the  iighi  side  has 
evolved  (ai  sitiwei  and  sicnis  lioin  lx>iie  ap(H)silu«is 
and  seal  iivMie  The  onset  ol  s\in(nt'ins  is  s|n\\ei  lhan 
in  a  ease  ol  a  pniiiusion  ol  the  itUeMeiU'htal  Jtseand 
Ihe  illness  alleels  iniirnalh  sevei.il  si-pmeiils  ol  (he 
spine. 

While  deg('neia[i\ e  aiieiiilions  ol  ilu-  Unie  ''liiietute  .iie 
the  iiiosi  eoinnum  cause  ol  nene  inilaiioii  in  ihc 
ccivical  pail  ol  ihe  spine,  iniciveilehial  disc 
pio|iusii>ns  ol  piolapscs  aic  Uie  iiiosi  ini|voiianl  lactois 
in  luinl*‘sacial  iieiv  e  sviKiiomes  ( 1  {opt  et  al.  ) 

1-iguie  No.  2- 

1  I'rolapsol  the  inUneiubial  diss.  leading  lo 
2'  Ke.k'lPc  swelling  ol  ih<“  lu  iveo**! 


arthrotic  borw? 
appositions 

roactiYo  inflarn  - 
mation  and 
s^r-ar-tissuo 
Bono  apposition; 
Spondyl^hytt’ 


4.  Sympioiiis 

I .  >  iindetsUnd  thi  >Mw]i«siu •  4  ->piiuinifNi  .illevlton- 
oui  h.o  io  uiki  till’ ‘  .u  i  4<iini  iIk  >i  gnu  nu' sIi  ut.  i(ii«  •  >1 
tile  neivous  '.\Nkin  With  .«  rullKa  gii  al  iniei^vistin.il 
.iL\iiiai\  a  lerlaiii  iKf'o  foot  has  ihs  suiiu  mtiUau.d 
aiul  >«-ns4  ii\  luru  ii«>ns  m  all  indi  •  idiuts 

I  lu  li X  .iiisah> »n  ol  'hi  '^smploins  gi\4  s  liisi  hiril>  (•' 
ilu  Dirvi  iiHiis  vvheri.i'.  liti.'  hind  o]  s\niplonis  mas 
tevea)  vslieihei  llun  is  |tjs(  a  ii(nali<»n  o|  itu  iiervi  •>! 

II  iheie  IS  .1  inmpu'-sion  wnh  a  iisuluiu'  lo-.^  id 
uinetion  ol  sa>  the  nnsofs  {viiio|  the  lie. 'e 

1  he  111'  >sl  iin(x  'flanl  s\  mploinv  .m 

^ieiuiaie-ed  pain  Sinali  in ilalioru  i it  mmmI  neiu 


roous  will  lead  to  higher  nuiseulai  lension.  leading  lo 
ihe  lypieal  haek-pain  wuhoiii  any  scgnienUil 
oiiL'iiiaiion. 

^cgmenial  |);un  oi  paiuc.slhesiu:  Pam  aeeoiding  lo  ihc 
anaioniy  n|  one  iiene-  nxu.  This  is  caused  hy  ihc 
iiniaiion  ol  ihc  iiciveuxn  and  leads  lypieull)  lo  •!  joad 
ol  {Kill)"  aecmdiiig  lo  the  hniiis  ol  ihc  dcimuloinc. 


I  ig'Uic  No.  ?>  (ccivieal  and  Ihoeacai  dcnnaioincs) 


'Vnacsilk'sia  Dui  lo  itu  loinpiessioii  Ihc  scnsoiv 

iihiix  «>|  llu  nem  iio  [H-niplion  of  p.uti  is 

(ii>ss|hK  <11  till  dillUaloilK 

V>i..ki)iss  -M>o  lalliii  aJgoginu  pauMs  llu 
uiaknc^s  II  Otl-  (.<  nnninii/i  {rinnni  nunmu  niv  .m.l 
d'^Mi  I  ■•4hav  '^gniiiilal  tuii 

I’m  M'  \  r«Ml  {\if  I  so-  'll  in'*  lo  *in  ihi  > « ’inpu  ■•■■n  ‘ii  » >1 

iht  .tnlt  iM  a  iH  M«'  li«>l  \1o^'  itiii'H  II  s  .III  i lUh  i  \  .tli  tl  In 

>4  11  i.d  :h  I  o  lo'lv  hill  V  i  Half)  t\  ^  in.o  U  (>.ii  iU 
lonifikkU  juiaiVNid  hv  lIu  K  -'S  .  i  iiuuivalion 

ii.'iii.i  Mtigli' tii'tv i  loa 

<>lhci  'MMploills  Ills  .pll^sh>u  «.|  llu  silMial 

nUlhm  il'.ill  «i  g  In  a  iaiyi  ■  tpasnaling  pixlap'-i 
t»ia\  leail  i  -  .i  Si*|u,iol  *s\nilii‘nu  '.<'ih 

|S»ia{\iii  •'I  • » itK  kg'* 

I  \{Hial  sv mliofiii'N  in.is  lx 

1  \  KvOlllltg  {>a«ll  ol  lUvk  <4iK1  shoiild%>s  01. IV  hi 
i.tusivt  h\  d«  gittVMliivns  o|  Ihl  vllMial  S|M)||'  With 
iiMs|X'(ilii  OTil.ilioii  i«l  Mnii.ti  netVi  riitis  ti  siillui^-  in 
{xiiiilnl  lomiak «•!  ihi  {snaVi  lU  vial  inusiks 

2  A  iiiuiiirg  |\iin  aim  (>aiaesihi sia  o|  p.iiis  ot  the 
ii  jhi  >b%Mikk  I  and  aim  Ii4minv  a  Ilwit  li.ui-  (o  lU 
lUhldle  liitgi'i  Ilu>  iiiav  U  laUsid  In  ,i  iioUlllon  (4  llu 
iii:hl  sinenUi  it-iiual  nene  io<n  h\  a  n.iiiovvcd 
mieiNi'iU Inal  hi4i 

I  Pam.  lolluWi'd  M'Viial  da>s  kiUl  hs  .i  ..liluMiig 


E 


4 


aiuc  Uicsia  o|  Uic  oMcnoi  >>1  Ihc  ii^hl  k'^;. 

lominn’  .1  rt»ail  u\  ihr  yu'.ii  i»x-  'I  hi^'  piohabK  iluc 
U)  an  inilation  and  sv\(.llin^.  u  sulliug  in  v\)m|)icsMon 
and  losfs  o)  !uiK‘liuii  o\  iIil  M;nsos\  ixni  ni  Uic  Hui;  L.r» 
hy  a  lateral  piulaps  ol  ihr  tiUci\eilebui  div  I  .S/Sl 
4;l’.jin  and  ueakiKAs  in  the  leli  le^.  The  in  >st  pnntul 
rudiatiDns  pain  lead  Ui  (he  lilih  Uk'.  e\cn  vuth 
l^iweitnl  medieatinn  theie  is  an  un.ihiliK  n»  stand  tui 
loeiips.  l.aUi  (heie  (ueuis  a  sudden  'Uisii  i.| 
inconiinciKe  and  anuesihe''<:a  •>]  (he  ^eniUkiiui  leynni 
*i  hese'  suupidins  mas  1h'  kaiisi  d  In  a  and 

se'ejuestialin>£  nK'diolale'tal  ptn]a|>s  <>1  tlu  dis..-  l.'sSI 
(hal  t list  cninpi esses  (he  lei  t  SI.  and  iaiei .  ailei  a 
lillk-  dlsiiK'alion  .uieli  li riial  I  \  (  tnipM.'ssc"  lilt' 

U'mainin^  vu'iai  nen es  (Cauda e^uiiui 

5.  liivi'fitixalMMt 

Aliei  the  paiuiit  hiis  picsenied  sswial  ssinpinnis,  a 
eate-lul  iiUe  i nidation,  lollovsed  h\  in  esaininakwt  has 
U>  uke  plove- 

Ihe  c\ue(  in(erio^a(n>n  ineludes  espIk'H 
eiitieeinill^ 

Onse  t  »il  s\mpn  *ms  ( Mkldi  ii  u«kU  i  sk-ss  \  s  eiadualK  i 
SfKvi''eil>  «'l  s\  mpl>  iiM\ ( jtseiidi  >  se^iiKnl.ilj 
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l-lyurc  No.4;  hMU 


NcurojjrapliN': 

The  routine  nerte  rcloeiiNoneiisuiemcjiis  olTci  no 
mstphl  into  nen  c-nKit  pr(x;csscs  since  they  record  the 
nett  c-lunetion  ol  the  distal  part  ol  the  none. 

With  H-\.vavc-mcasurcmtiits  hotvctci,  you  aic  able  lo 
assess  the  function  of  the  whole  peripheral  nerve. 
includin;j  the  ncia  c-nxit. 

While  clicitiii)’  normal  motorical  nervc-rcs)xin.ses,  one 
can  I  cirrd  .soincrvhal  irregularly  late  responses  that  arc 
caused  by  retrograde  excitation  ol  the  motorical  librcs 
with  a  ftillowing  normal  excitation  and  (weak) 
motorical  answer  (sec  I-igtirc  No  5). 

By  comparing  the  sides  one  can  normally  detect 
sigiiilicant  slowing  of  the  I'-wave,  il  the  anterior  rtHit 
is  damaged. 


f  igure  no,.‘i:  I'-wave 


H-rcllcx: 

With  a  similai  Iccliiimtic  as  in  the  F-wavc- 
mcasuremeiits  one  can  obtain  1  I  jcflex-answcis  fioin 
the  m.tnccps  surac. 

The  main  difieicncc  lies  in  the  fact  that  the  H-ielle.\- 
rcsptmsc  travels  first  in  the  sensory  fibres  and  is 
switched  io  the  inotoiicai  iibies  in  the  spinal  scgineiit 
SI.  so  that  one  can  delect  le.sions  in  boi:i  the 
moloneal  and  tile  .sensory  parts  of  ncrxc-nxit  S I .  The 


obvious  limitations  he  in  the  lact  that  one  can  only 
assess  the  rixit  S I . 

While  '.he  iiiL'thods  mcn'ioned  abo\c  aic  easily 
aJimnistcied and  inleiprctcd  they  deal  mostly  with  the 
nioior-nx'l  dy  sftinclion 

Soinalo'.cnsiblc  Hvoked  Potentials  (SSEP): 

•Since  Ihc  most  common  clinical  deficit  is  scnst'iy 
(Chiappa,  IddO).  and  sensory  rcpoits  lend  to  be 
iiiaccuiutc  (IDatc  ct  ul.  1^88)  the  need  arises  lo  ci  aluale 
ofijcelixoly. 

Ilspccially  with  pilots  the  sensory  rcpoits  lend  to  be 
iiiaeciiialc  il  the  pilot  dissimulates  the  symptoms  lor 
Icar  of  hvising  his  liecnec. 

The  only  way  lo  measure  the  funclioii  of  the  seitsoiy 
parts  ol  an  irnlatcd  nerve  ro"t  (Siohr  ct  al.  IWd)  lies 
wiih  ;hc  meihiKl  ol  S.'sFP 

With  this  method  (Dawson.  1047a)  one  toes  lo 
measure  liic  cortieal  ixnemials  that  arc  Ihc  result  ol 
stimulation  of  nerves  or  skin  and  van  he  rceorded 
conlralalcially  lo  the  slimulation  over  the  pninaiy 
sensoiy  areas  ol  the  brain  (Figure  No.()).  fherr  wcic 
inethixls evolved  lo  measure  the  exoked  p‘'tcntials  oxer 
Ihc  spine  al.so. 


I•lgule  No.r-.:  (  ■  It  Ileal  S.SFP: 


With  cortical  SSliF  one  h.  s  the  limilation  ol  lesiiiig 
the  whole  .somatosensory  system,  so  more 
dilfcrcniialcd  results  can  be  obwiucd  cy  the  mrihixl  oi 
fiaciior.ed  dSfif  'vher”  a  combination  of  spinal  and 
corneal  SSEi’  allows  pr"ei.iely  to  locale  the  rcgiiin  o' 
the  lesion. 

Noiinally  the  stimalabon  nf  tlie  sensoiy  libies  is  done 
directly  by  'timalating  ;i  ncrvc-iruiik.  Rcgurding  th  - 
investigation  of  ne. ’  e-nxil-:.yndronu'S  ibis  has  the 
drawback  of  stimiilaling  several  iierve-rix.ls  a.  oiwe. 
lienee  the  concept  of  dcrmatr.mui  sdmula'.L  n  allow  . 


to  slimulaic  ideally  jusl  one  ncrvc-vixn  (see  also 
l-igiirc  No 

Hu\  ing  Mimulalcd  in  ihc  aicuof  the  desired  dermaumic 
one  has  m  average  250  limes  lo  cliniinalc  stochaslie 
disiurhuiiecs. 

Then  the  results  have  to  be  measured  (see  f-igurc 
No. 7).  starting  with  a  negative  wave  Nl 
(convcniionally  pi'mling  up),  I'ol  lowed  hy  a  positive 
PI  ul'lct  vvliieh  eomc  again  a  negative  N2  Ihcn  a  P2. 
laitcneics  as  well  as  amplitudes  arc  measured. 

F  igure  No.7:  SSiIP-Mca.surcmcnt: 


N1  PI  N2  P2 


The  lesulls  o(  Ihc  mrasiin  nieni  are  evaluated 
-  observed  latencies  againsl  iiormative  valucs  (Jdig  and 
ilielseher,  19H4  or  Chiappa.  ISWO). 

-side-dilTcrcnees  ol'  laleiieics  or  side-dilTerences  ol 
amplitudes  (Chiappa,  I'/TO.  Widder,  PW). 

By  some  atilhors  the  sctisilivily  ol  Ihe  dcrmatomal 
SSUP-  invcstigalum  has  been  eompaied  with  that  ol 
my  elography  (Katili  and  Sedgwick,  1987)  or  ol  HM(3 
(  Tans  and  Vrcdevcid,  1992),  most  want  lo  add  il  as  a 
uscl'ul  method  to  their  clcetropiiysiologic  battery  (Sual 
ct  al,  1992,  Walk  cl  al,  1992)  and  stimc  think  lliul 
they  arc  not  u.sel'ul  (Schmid  cl  al,  PW8). 

Thcor.vlically  il  is  possible  lo  lu'.esKgatt  fully  a 
scn.sory  lesion  widi  help  of  the  fVaclioncd  S.SEP  with 
dcrmatomal  stimulation  but  the  method  has  a  certain 
lirsi  drawback  bccau.se  it  is  very  tiinc-consuniing. 

An  invesligaliot-  of  just  ivvii  segments  (coi-|ie:il 
measurement)  needs  aprosimalcly  one  hour,  so  we 
decided  not  lo  do  I  raetioncd  but  only  cortical  SSBP. 
The  .second  drawback  lies  in  the  fact  that  the  method  is 
difficult  to  perform  and  rather  artefact-prone.  In 
volunteers  there  arc  much  less  artclaels  than  in  tcii.se 
pilots  who  suspect  some  malignancy  of  the 
pliysiejans. 

Since  the  dcrmatomal  SSEP  oiler  the  only  insight 
into  the  .scnsory-n>o'  .auction,  we  decided  to  adopt  the 
mclhixJ  of  conical  SSHP.  I'iie  Iractionad  technique 


would  have  made  things  lunher  eomplicalcd,  while 
le.sions  of  the  distal  nerve  arc  generally  easily 
accessible  to  neurography 

To  avoid  eontnviling  for  btxiy  height  and  temperature 
we  generally  use  only  the  side  differences. 
Side-diffcrcnccs  in  latency  of  more  than  3  msec  aic 
seen  as  pathological  us  well  as  loss  of  curve  or  more 
llutn  lifi'x'  loss  of  amplitude 

6.  Evaluation: 

Alter  Ihc  investigation  detailed  in  ehaplcr  5  ihc 
aLvumuiated  facts  and  rc|)ons  hav  e  lo  be  ev  aluaicd. 
GenertJ  coiisiderdlions: 

The  first  informations  arc  given  by  the  pilot  himself 
'I'lic  physician  in  a  iioimul  clinical  setting  can  rely 
heavily  I'n  the  voluntary  reporis  of  the  patient.  I  hc 
infoinialioiis  given  hy  the  pilot  have  lo  be  viewed 
carefully,  bccau.se  many  piUils  tend  lo  di.ssiinulate  in 
order  lo  inamlain  their  licence.  Sometimes  seemingly 
irrational  Icar  of  getting  grounded  gels  in  the  vvay  ol  a 
normal  e.schangc  of  informuiion.  Since  the  physician 
has  to  keep  in  mind  both  the  flighl-sceurily  and  ilic 
pilot '.s  hcullli  he  IS  not  always  able  lo  decide  in 
acordance  with  Ihc  pdoi's  declared  intention-  a  fact  the 
pilots  are  aw  vac  ol. 

So  ill  geneial  ihc  pilot  s  leporis  conccrniiig  Ihc 
symptoms  may  give  vaiwubic  iMloiniation,  but  may  in 
some  eases  grcsssly  understate  the  e.vtcnl  of  the  illness. 

T.hc  clinical  c.vaminalion  relies  on  llic  pilots  icpoiLs  so 
far  as  .scn.sory  delicus  arc  concerned,  so  that 
itil.irmalion  conec'iiing  Ihe  .sensory  sys'em  lends  lo 
undcroainiutc  the  lesion. 

Parescs  on  the  other  hand  will  be  easily  iiivcsligalcd- 
inorc  with  Ihc  danger  of  ov  eicstimalion  because  of 
algogcnic  components  (especially  il  the  pilot  I'uilcd  lo 
repiut  the  (vain). 

The  radiological  data  will  slate  objectively  Ihc  exicni 
of  the  morphological  lesion  bul  will  ol  course  leave 
open  the  question  of  the  elinical  rclcvunec  of  the 
results.  In  .some  cases  severe  degenerations  of  the  spine 
do  not  cause  any  symptoms  while  everyone  ol  us 
knows  some  ea.scs  in  vvliieh  it  was  dilTicuti  to  accept 
minor  radiological  lindmgs  as  the  cause  of  disabling 
symptoms. 

As  slated  previously  even  these  objective  radiological 
data  have  to  be  evaluated  eoncerning  their  significance 
to  the  subject  s  symptoms. 

Helpful  al  evaluating  the  significance  of  radiological 
findings  as  well  as  with  a.sscssing  the  extent  of  damage 
to  Ihc  .sensory  or  motorieiil  parts  of  the  affected  nen  c- 
riHitsarc  the  neurophysiological  methods  described  in 
ehaplcr  5. 

With  myography  vine  t  in  investigate  the  niolorieal 
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lesion  und  ean  disecrn  weaknes  Inim  paresis.  As  ivell 
one  ean  gel  reliable  inlormation  nl  ihe  ehronieily  of 
Ihc  process.  Some  ol  ihc.se  information.s  can  be 
obtained  by  H-wasc  rccordm;;  as  well. 

With  the  1 1-relleN-mcasuiciTicnt  one  ean  imcsiigalc  ihe 
complete  ners'c-rixil  S 1 . 

With  the  method  of  dermutonial  stimulated  cortical 
SSHP  one  can  inicsligatc  the  sensory  nrois.  The 
results,  however  lend  to  show  a  rather  oplinii.stic 
picture  ol  the  lesion,  since  the  inlormation  ol  the 
remaining  intucl  fibres  can  he  amplified  by  Ihe  (  NS 
so  thal  the  cortieul  rcspon.se  may  appear  rather  normal. 
An  intact  SSbl*  rcspon.sc  however  shows  a  good 
prognosis  (Chiappa,  l‘WO)  of  the  nerve-riHii  lesion  and 
can  insofar  be  u.sed  lo  supixiil  an  only  lcni|>orarily 
grounding  of  a  pilot  wiih  a  ners c-compicssion- 
syndronie. 

Special  considerations: 

Because  the  acroincdicul  decision-making  is  inHucnced 
by  the  aim  lo  keep  both  the  pilot  s  health  and  the 
llight-security  at  the  highest  possible  level,  two  areas 
have  lo  be  considered: 

Actual  disabilities: 

In  order  to  maintain  Ihglu-sccurit; ,  the  pilot  has  to  lx- 
able  lo  accommodate  the  needs  of  aircraft-opcialion. 
Therefore  the  pilot  must  not  hav  :  any  paresis.  He 
must  be  able  lo  move  Ircely  with  suflicient  speed.  1  lis 
sensory  system  must  be  intact  so  thal  he  ean  operate 
sucks  and  switches  or  pedals  vvilhoul  having  lo  lixrk 
at  them. 

His  spine  must  be  stable  enough  lo  endure  the  sudden 
onset  ol  g-force  ihal  occurs  during  military  aircrall- 
opciaum. 

Piognosis/  ihe  pilot  s  health: 

The  normal  course  of  the  illiic.ss  has  lo  be  taken  iirtir 
account  together  with  the  question  wether  the  pilot's 
duty  will  accelerate  Ihc  dcgcnorallon.  (c.g,:  The  need  lo 
carry  a  helmet,  often  with  night-vision-gogglcs, 
together  with  the  l)pical  vibration  and  g-stress  may 
accelerate  the  degeneration  of  a  cerv  ical  spine  (hat  is 
already  symptomatic) 

Guidelines  ui  cvuluaiioii  at  the  OAF  lAM: 

There  are  .several  guidelines  lo  evaluate  spinal  nerve 
.syndnimes. 

-Asympionialic  lumbar  imcrvcrlcbral-disc  hciniulioiis 
will  be  regarded  as  not  vci  v  dangciou.s. 

-Lumbar  inlcrvcrlcbral-disc  protrusions  profit  Ironi 
intensive  physiotherapy  tas  do  all  forms  of  spinal 
nerve-syndromes)  and  arc  regarded  as  not  very 
dangerous, 

-A  lumbar  inlcrvcilcbral-di.sc  prolaps  has  to  be 
investigated  carefully  if  sympUims  arc  rcporlcd. 


Usually  the  pilot  will  be  grounded  lor  six  inonlhs 
dtiiing  wieli  be  will  undergo  a  v  igorous  regime  of  fiisl 
sialionaiy.  latci  anibulaiil  phjsiolheiupy.  Since  Ihc 
pilots  arc  gcncially  highly  motivated  lo  ctxipciatc  with 
Ihe  physiotherapists  ihc  results  and  prognosis  arc  very 
gtxxl  (dramalicaly  diffcreiu  lioni  ihc  normal  paliciUs 
seen  in  a  hospital). 

-('crvical  vertebral  degeneration  w  ill  normally  dcvellop 
slowly.  The  pilots  sometimes  use  the  lime  to  find  new 
perspectives  outside  the  aircrall  and  reach  the 
conclusion  dial  Ihcv  simply  arc  no  longer  III  lo  lly. 

II  however  Ihcrc  is  little  pain  the  evaluation  has  to 
lake  into  aceouni  the  possible  sensory  dclicits  or 
parcscs. 

-Ccivical  di.se  hei Illation  is  generally  .seen  very 
critically.  Since  the  cervical  spine  is  much  more 
insUible  iukI  has  less  s|xicc  to  accrinuxialc  a  prolaps  or 
reactive  lissuc-svvclling.  Ihc  danger  of  compicssion- 
syndromes  np  toa  Brovvn-.Scqiiard-syiidroinc  have  lo  he 
lakcn  into  as'eounl.  'I'liis  normally  cseltKlcs  furtiicr 
flying. 

7.  Kx&mples: 

All  .soldiers  presented  arc  white,  male  and  have  no 
iniporiani  other  .symptoms  or  ilinc.sscs  than  the 
neurological  ones  sialcd  hiioflj  below  in  llic  cases. 

7. 1:  A  d.S  years  ojd  lean  right-handed  pilol  without  any 
complains  .shows  an  nmistial  .sidc-diflercncc  of  the 
triceps  brachii  muscles:  the  Icli  muscle  nppeurs  lo  be 
atrophied,  ma.ximum  lorcc  is  much  Ic.ss  lhan  Ihal  ol 
the  righl  side  even  if  one  lakes  inlo  uccoiim  ihal  Ihc 
pilol  IS  right-handed. 

Because  ab:;olulcly  no  sy  mptoms  are  reported  and  the 
cyaininaioin  yields  no  other  symptoms  the 
invcsugaiion  directly  starts  with  an  myography  of  the 
triceps  brachii  muscle.  The  myography  shows 
completely  normal  musele-pnieniials  from  several 
p.irls  of  the  muselc  w  iihout  any  Irace  of  sponlancous 
aefivity. 

The  atrophy  anti  weaknes  of  course  could  he  uUribuictl 
lo  a  compvc.ssion  of  Ihc  left  nci  vc-rixil  (.’7,  but  would 
surely  lead  lo  signs  ol  deiicrv  alion  m  the  myography. 
Diagiuxsis:  Severe  lack  ol  training 
Rccomcndalion:  Build-up  of  ihc  muscle  with  spoils 
like  swimming. 

7.2;  A  4S  years  old  pilot  complains  of  recurring 
luinbalgiu  und  cen  iculgiu  after  longer  flighl-missions. 
Upon  more  detailed  questioning  he  prixluces  symptoms 
ol  an  irriurlion  of  ihc  uxils  C6  and  7  of  the  right  side, 
while  underlining  his  will  lo  coopcia.c  with  the 
acromcdical  insUluic.  .After  questions  concerning 
picvious  radiological  examinations  (no  specific  done 
yet)  he  gcLs  annoyed  at  our  distrust . 

The  clinical  examination  reveals  additional  signs  ol  a 
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tonsplen;  cuniprcssion  o!  the  right  riiulx  C(n-7  ; 
Piircsi'i  iintl  ;itri>ph>  nl  the  riglil  biocp';  and  iriccps 
brai;hu  muscles.  rusciculaliDns  arc  nbscrt  od,  hinting 
at  activity  iil  the  dcncrvatutnal  process. 

The  parcses  are  denied  by  the  increasingly  distiessed 
pilot  who  seems  insulted  by  our  propostil  of  a  CAT- 
scan,  but  has  to  comply. 

The  C'AT-scan  reveals  correspondin"  massive 
degenerations  of  the  cervical  spine  with  an  older 
mostly  ealcilicd  pnxtc.ss  (ixtrhaps  an  old  herniation  ol 
an  imcncnchral  disc)  using  up  the  mtraspinal  space, 
forming  a  compression  of  the  myelon.  The 
inlcrv  crlcbral  holes  arc  lightened  by  dcgcncrattve  bone 
apposilions. 

Hiiignosis-  r'omprcssion-.syndiome  ol  ihe  oghi  net'  <' 
nx)t  due  to  degenerative  bone-alicrain  ns. 

In  this  ease  no  neurophysiological  invcsiigaiions  arc 
needed  to  ground  the  phot. 

I'lrslly  It  IS  not  aeecplablc  Ihul  a  pilot  docs  not 
observe  im|Xiilaiil  failures  of  his  own  system. 
Secondly  the  manifest  parcses  of  important  muscles 
exclude  Hying. 

Thirdly  the  visible  compression  of  ilic  cervical  myelon 
may  be  eompcnsalcd  just  now  but  it  is  possible  that 
relatively  minor  changes  of  pressure  eau.se  a  ce.ssalion 
of  local  hhxid-How'  that  may  lead  to  lesions  up  to  a 
full-blow  It  Biown-Scquard  syp.d route. 

7.."?:  A  34  years  old  jcl-lighicr  baekscalcr  (wcapm- 
sy.slcms-olTiecr)  complains  of  .scldomly  and  only  under 
Midden  and  unexpected  g-sircss  oeeiinng  paracslhcsia ol 
the  left  dermatome  <16  (see  l-'igurc  No.  3). 

The  further  interrogation  reveals  a  .spinc-injiiry  in 
I9KS  that  was  evaluated  as  not  relevant,  The  elinicul 
examination  is  completely  normal. 

A  MRl-lomography  of  the  cervical  spine  reveals 
dcgcncrnlions  ol  the  inicrvcucbial  Uisc.s  C4i5  and  C3/(> 
without  proliuslons  and  a  Icfl-mcdiolutcral  protrusion 
of  the  disc  C7/Thf. 

The  ncurophysiologieui  investigation  includes 
dcrmalomal  SEl’  ol  the  dermatomes  C7i-K  that  show 
completely  normal  lutciicies. 

Diagnosis;  Irritation  of  the  left  ixk’I  <!<>. 

Etalualioii;  Even  though  it  is  ptvssiblc  but 
improbable  that  a  prcfixalioii'  (Owen  cl  ul.  I'fTT)  of 
the  nxn  CS  has  taken  place  so  that  the  protrusion  of 
the  intervertebral  disc  CTffh  I  will  irriutlc  the  rixii  CK 
w  hich  in  turn  wtiald  then  innerv  ate  an  area  eommonly 
innervated  by  root  C6,  the  findings  of  eomplclcly 
normal  SEP  make  it  probable  that  the  MRl-findmg 
has  noelinieul  relevance. 

Since  the  protrusion  of  the  Intel  vertebral  disc  was 
asymptomatic,  we  saw  no  acromedieal  relevance, 
either. 


7.4:  A  30  years  old  inslrucloi  eoinplams  of  reeurring 
-sciadic  symptoms  (irritation  of  right  root  SI)  and  of 
tlioraeie  pains  sirac  his  test-bail-out  with  a  loo- 
poweiiul  siinulaloi  IdKS  that  led  to  a  compiession- 
I  I'aelurc  ol  the  this  acal  veilcbrac  4  and  .S. 

[•urlhcr  interrogation  reveal  no  clear-eui  nerve- root 
symptoms  but  |xim  and  (xiracsihcsia  in  ihc  dermatomes 
'lh4-i-.S 

The  performed  CAT-sean  oHcis  no  valuable 
inlormation  since  only  the  bone  vvas  iiiv  csligalcd. 

I  hc  derinaiomal  SEP  show  normal  latencies  and 
amplitudes  in  the  segments  L.S,  SI  and  Tli.T  The 
,..jr.— ,-  fr;,!!,  Tli4  and  5  ate  di.si-nleJ  with  paiily 
signilicaiil  sidc-diffcrcnecs  of  the  latencies. 

These  results  can  be  brought  into  accordance  with  a 
posiiraumatic  ncivc  irrilulion  and  paitly  eompiessioii 
ol  the  Icll  rixit  1  h.S,  prolvably  by  .sear  tissue. 

II  the  soldier  were  a  pilol,  the  severity  ol  the  pain 
syndrome  would  have  to  be  taken  into  aeeoum  in  order 
to  evaluate  this  spinal  nerve  .syndrome. 

The  siahility  of  Ihc  spine  seems  to  be  normal  and  a 
piitgrc.s.sion  of  the  illness  llirougli  normal  duties  seems 
improbable. 

8.  Cunclusion: 

Since  objective  data  are  necessary  in  Ibe  process  ol 
aeronicdieal  evaluation  ol  spinal  nerve  syndromes,  il  is 
pinpriscd  that  a  basic  lc.sl-baHcry  of  neurophy  siological 
iiivctigalions  is  available,  including  myography, 
ncurogniphy  and  .somatosensibic  evoked  poicnlials. 
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1.  introducmon 

Supraveniiiciilar  laetiycarJi.i  (SV I )  is  uncommon  in  heallliN 
scTceiic«l  pcipuliiiiiMis  anil  has  an  o' crill  prevalence  010.02% 
(I)  iitid  a  niaximal  prevalence  oI'O  I'  a  on  tontine  sereeninp 
eleeirocardloiiiams  (2-X}.  4,fi'io  on  Holler  monitors  t*)-12) 
and  jipproximaloiy  0.6%  on  itenilmills  (13.14),  A  review  i»r 
llie  clinical  literature  ie\eals  that  occupalioiuil  and  aero* 
medical  risks  lot  ioialors  uilh  SV'I  leiitains  inudctinatcly 
addre.ssed.  I.ong  term  rollow-iij)  ilain  in  aviators  with  SVI 
IS  liniiletl  lo  a  siiiple  Miiall  senes  by  Mailhewson  aiul 
Viirnam  (4)  wlxt  (olUn^ed  loui  avitilois  lor  14  >eiirs  .tiul 
liiutid  no  deiiilis  or  eoionjty  events. 

Tlie  Aeroinedie.'il  C  o.  ailiuiioii  Service  (A(  S)  is  a  anlral- 
i/ed  United  Slates  Air  I'orte  (HSAI-'J  rcl'ciral  center  which 
perlbnns  aeromedieal  evaluaiions  in  aviators  to  Ueieiinine 
tlicir  Illness  Iin  llyinji.  '( ite  AC'S  has  evaluated  aviators  with 
SVl  since  B)5.3.  In  l‘)7.3.  Tlic  AC'S  developed  n  protoeol 
peiinillinp.  icsuinpiion  ol' (lying  duties  in  aviuiois  with  SVl  : 
waiver.s  were  gianleil  in  selected  low  aeniniedieal  risk  ctiscs. 
We  have  coniiiuied  to  provide  clinical  rollov\-Hp  ol' aviators 
with  SVT  In  insure  that  wjiiveis  Idi  SV'I  aie  tccuiiiiiiciulcd 
uiily  in  low  neroinedieal  risk  cuse.s. 

AlUiougti  uiicoinnion,  SVT  cun  pieseni  suddenly  vvith 
presyncope,  .syneupe  or  siijclcit  death  wiih  poiciU'ally 
ealastrophic  results  during  Hying  duties.  Aviatoi's  with  SVT 
weie  (Jisijuulineil  historically  hccatisc  ol'chcse  risks.  McdienI 
.standards  must  he  eon.servsitive  to  iusute  iln»(  USAI’  avimors 
are*  Tree  of  such  coiKlilion.s  However,  this  conservative 
appioiich  has  disqualiUcd  mans  usympiomulic  aviuiois  who 
may  have  sul'ely  llown  il'  data  liud  heen  availuhle 
demonstrating  tluit  certain  'Uhsct.s  had  tni  acccpiahl)  low 
aeioinedical  lisk. 

When  evaluating  an  aviator  with  SVl.  waivci  auilioiiiies 
imist  dclciinine  the  extent  of  ueiunicdieal  risk,  the  level  oi' 
risk  aeecptuhic  Cor  continued  Hying  dulte.s  and  which  waiver 
icstiiclious  should  he  applied.  This  paper  provides  outcome 
duln.  acquired  rroin  avintor.s  with  various  SV'I  prcsenlatiou 
prolilcs,  to  assist  in  (hut  ii.sk  stralillealhm.  With  these  dulii. 
a  sale  icluni  in  Hying  dutic.s  for  (hose  aviaior.s  with 
aeccplahly  low  levels  oT aeionK'dicut  tisk  can  he  acliicvcd. 

2.  MKTIIOl) 

All  Acs  chans  with  reteri'ul  or  incidciUiil  diagnoses  ol'SVT 
heiween  Ani  B)55  and  Dee  17^1  were  reviewed.  Wedeliiied 
SV  r  as  three  or  more  eoii.scculive  luiiivciitricular  ectopic 
heals  at  a  heart  rate  equal  lo  or  exceeding  IHH  iKuts/minuie 
We  excluded  aviators  who  had  aliiul  I'lhi illation  (Al  ).  uCrial 
lluilcr  (Al  l.)  or  iiiultironn  atrial  (athycardiu  (MAI)  us  the 
initial  dysrhythmia.  l'ollu\v-up  vvasohlained  iVom  .serial  ACS 
evaluaiions  and  responses  tu  n  detailed  qiicslionnaue  iiiuiled 
to  the  aviator.  All  responses  suggesting  an  ahiiormalhy  w-cre 
vcrilled  by  a  lliglit  .surgeon/eardiologist  When  iicccssmy  a 
.surviving  spouse  or  rclalise  provided  iiilornialioii.  Death 
ecniilcate  data  provided  supolemenial  iiilbnnulion.  Ail 
avja(«>rs  eoiisidercd  for  waiver  completed  an  u.xicn'ave 
evjluution  that  was  based  on  current  teehnulogy.  The  initial 
ACS  evahiatioii  included  eompreliensivc  lliglv  mcilieinc  and 
intcnial  inedieinc  exunis,  seiccning  ophthuiinohigie  and 
audiulogie  exams,  scieeiiing  laboratoiy  .studies  which 
included  iliyruid  runelioii  leslinp  and  lipid’  values,  chest  and 
KUB  X-ray.s,  electroeardiogiapliy.  treadmill,  and  spirometry. 
Over  Hie  35  year.s  ancillary  Icsl-s  were  added  a.s  feciinulugy 
evolved  tu  provide  what  ACS  cardiologists  considered  to  be 


optimal  iieromcdical  aiul  clinical  testing  I'or  aviators  with 
SVT.  These  icsis  included  coronaiy  arteiy  llooroseopy. 
Holler  monitor  lesiiiig.  edi()cardiography.  ihallliiin  scintig¬ 
raphy  and  eicctrophysiologic  sludic.s  to  exclude  previously 
iinrccogni/cd  pre-excitation,  disorders  of  the  conduelion 
sysieni  or  characlerislics  oT  the  Induced  SVT  i.elTheait 
eiithoteii/alioiis  were  performed  selectively  in  :ivia(oi>i  wiih 
SV'I  to  define  co'onary  artery  anatomy  nmil  19X6  when  all 
iiviuinis  with  diagnoses  o!  SVT  more  than  .15  years  old  were 
required  lo  have  this  proceilure.  Aviators  woie  c.xeiudeil 
from  Might  duties  if  they  had  underlying  heart  disease  such 
iis  coionary'  artery  disca.se  or  valvular  hcail  disease.  Aviators 
With  licniodyiiamictilly  tinsiahlc  SV'I.  fiet|iieii(ly  lepelilivc 
episodes  oTSV  T  oi' those  requiring  maintenance  meJiealions 
were  not  considered  for  waiver.  Suhscqueiil  AC'S  evaluations 
were  limited  to  internal  tnedicinc  e.xams  and  iioiniivasivc 
InleiiKil  medicine  ic.siing. 

Canliovasciilar  eiulpoiiii.s  were  dclined  as  any  incdiealls 
signilicaiil  events  tliat  were  iliieelly  lelalial  in  an  episode  oT 
SVT.  These  included  .signs  or  symptoms  of  cardiac 
liypopeTl'iision  such  as  sudden  dcalii.  syncope,  picsyiieonal 
symptoms  of  anginal  chesl  pain  due  to  SV’I'.  iinexplinucd 
dy.spnea  and  signs  or  syniplom.s  of  cerebral  hypuperiiision 
.such  as  lighlhendedne.ss  or  visual  change.s  such  a.s  umnelin)*. 
of  vision.  I'or  this  discussion,  hemodymimically  sUihle  SVT 
was  any  SV  T  mat  was  symptom-lrce  or  that  was  associated 
with  noiulis'ihliiig  symptoms  such  a.s  palpilalions.  Susuined 
•SVT  was  any  SV'T  often  u:  more  minutes  dinalnin. 

Data  analysis  was  perTonned  on  a  VAX*  6320  iiiaimianie 
iisiiii*  a  S’marlstur*  slrucinrcd  queiy  limi'.imge  addic.ssing  a 
Sliarchase*  70(1  relational  dalahuse.  S(iiti.slieiil  amilysi.s  was 
pciinrmed  using  pix'gunws  from  tin*  SAS  (1.^)  liisliUilc  on  a 
VAX*  I I/7R0  minicomputer.  Relative  risks  wcic  calculated 
using  odds  ratios. 

S.  RKSUI.rS 
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A  total  of  957  ACS  evalualiiins  on  430  (42X  men  and  2 
women)  aviators  wiih  SVT  diap.iioscs  weie  reviewed, 
i'ilcclrocarihogiaphic  tracings  vsere  nvailahle  Tor  icvicw  in 
)97  uxiiilors.  Ilic  33  tnicings  which  wcie  not  a\iiilahle.  had 
been  previously  leviewcd  ami  conlirmcd  dining  prior  ACS 
evtilu.iliuns  or  al  Ihc  aviator's  base  of  origin.  The  mean  age 
al  the  lime  of  the  iiulex  ACS  evalimllon  for  SVf  was 
40.1  t  9.2  (men  40  3  *  9.2  ycaii;  uiul  women  JU.4  ±  7.2 
years).  A  (olnl  ol  274  (64%)  uviaiois  received  only  one  ACS 
evahiatioii  for  the  SVf.  Due.siinnmijfes  were  eonipleled  in 
427  (99%)  aviaior.s.  Avijiiors  with  multiple  A(!S  evaluations 
iidJ  a  mean  I'oHow-iip  of  5.5  4:  4.1  (ISD)  ;  cm.s,  ihc  meJiun 
\va.s  4.2  year;:  and  the  riinge  wti.s  one  lo  23  year.s.  The  mean 
fullow-up.  iiieluding  queslionnuire  Jala,  was  11.4  ±  9.0 
Veal'S,  the  nu'diun  was  ‘7.9  years  and  the  range  was  one  lo  35 
>  cars. 

3.2  SVT  C  hsraclerislies 

I  he  number  of  SVT  inns  tor  each  uviulor  is  given  in  figure 
1.  'fhea*  were  224  (52"u)  uviuto.^  w|io  hud  u  ^iiigle  lun  ol' 
•SVT  I  lie  longest  SVf  duraiioii  for  each  aviator  is  given  in 
I'igurc  2.  I  Icmodyriaiiiically  stable  iionsusl:iii*eil  SV'f  wus 
present  in  346  (RU%}  aviulor.s;  84  (20%)  had  .sustained  SVT 
I  hese  perccntagc.s  include  daia  from  four  aviators  for  wiiom 
no  linn  duration  data  exists.  Keview  uf  the  medical  records 
and  interviews  with  Uic  aviators  pcmiilted  us  lo  place  them 
111  the  licmodynumieaily  stable  iionsusUiined  SVf  group 
because  (heir  estemuted  SVf  durations  were  le.'^s  than  live 
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•mimics  l•i•'Ulc  '  (•''•t  lnscs  ihc  iii;i\im;il  licarl  rate  ol' cadi 
avialor's  I'aslcsi  SV| .  Scvciily*onc  {I6"o)  a^iiiiors  h.ui  SV  | 
inns  ihm  c.vtccdcJ  200  hcats/nuimic 


Figure  1  Oislnbulioa  of  SVT  runs  for  each  avialoi  A  (ulal  ol  224 
aviators  had  only  one  run  ol  SVT 


Figure  2  Distribution  of  SVT  durations  7(iere  were  tiO  aviators 
whose  longest  SVf  duration  was  3  beats  and  IGO  whose  longest 
SVT  duration  was  between  4.iu  beats  (8($-bea(S.  Mm- minutes. 
N'4  With  no  Udto) 


AsiuU)]^.  IiikI  one  or  i'oiu  dilVcrciit  SVI  prcsciiCitions  cluiiiig 
imlcs  AC'S  cviilualioius.  llic  SVI  [ircriciit.Uion  proHlcs  weic 
single  or  tccinrciu  iionsiisiumcd  cpismJes  or  single  or 


nATC  OF  FASTEST  RUN 
Figure  3  Distribulion  of  maximal  SVT  heart  lale  fur  e.icn  aviator 
Triere  were  71  aviators  whose  maximal  SVT  heaO  rates  were  z  200 
beals/minuie  (N=20  with  rio  oata) 


rccurrciU  sustained  episodes.  The  asijilui  was  plnccd  into  the 
appropriiilc  group  hnsed  first  on  the  iiKixiiimt  SVI  diirulioii 
:iiui  second  on  vchcthci  the  SV I  w;is  iccuncnl.  Tlic 
groupings  for  each  aviator  on  (lie  index  AC'S  evaluation  is 
given  in  I’igiire  4.  C)l  tlie  .792  aviators  wiili  lienuHiyiuini- 
icully  stable  SVT  on  the  index  AC'S  evaluation.  224  (-57%) 
aviators  had  single  noiisustaincd  (SNS)  SVT.  1 17  liad 
recurrent  iionsusiaincd  (RNSi  SVI.  2X  (7%)  hud  sustained 
SV  T  iind  2.7  (6%)  had  recurrent  .sustained  SVT  Ten  of  the 
aviators  vvilh  single  iinfisuslaincd  (SS)  SVT'  and  nine  ol  the 
aviators  with  recuircnt  nonsustiiined  (KS)  SVT'  had  other 
siipravciiiricular  laehydysrhytiiinia.s  at  (he  time  ol'tlic  initial 
AC'S  presentation,  dfilie  7S  aviators  nho  initially  presented 
with  un.siahle  SV  I'.  I  had  .single  nonsii.suiincil  SV  1 .  4  hail 
rceurront  non.siistaineil  SVI'.  14  had  single  susliiincd  SVT 
and  19  had  recurrent  •.ii.slained  SV  I'  None  orihe  7X  aviatiu.s 
iniliallv  pre.seiiting  with  unstable  SV  I  had  oihei  rornis  of 
svr  such  as  Ah.  AIT  or  MA  I  (SVT  ‘  O  i  l  I). 


NliMBUK  OK  AVIATiinS 


I  4  H  i«  n 

S«rl^t2  il4  lUV  :u  2J  iv 


Figure  4  DiStribul>on  of  SVT  preseiilatioii  proMes  fur  usch  aviator 
S«ues  one  IS  stable  SVT  and  senes  two  is  unstable  SVT 


3.3  Kiidpuint  Ontu 

T  here  were  25  tc»%)  deaths  in  ilic  study  group.  Uc\  iew  ol 
avnilalilc  nieuicul  records  eonJ'fimod  that  SVl  vius  not  a 
cause  or  Taeior  in  any  ol'  tUevc  deaths.  ITie  mean  age  of 
death  was  60.0  1  11.3  yeai.s  and  the  lange  was  .79  lo  75 
years.  There  were  12  cardiac  dcatlis.  one  eaulioviiscutar  and 
12  mm-caidiac  deaths  (  I'ahle  If.  thily  one  iiviator.  who  had 
a  iiiyociiidial  inrarction,  died  wliiic  on  active  duly.  h'oiTs-lwo 
(10%)  aviators  had  .signilicunt  medical  endpoints  as.sncialcd 
with  SVT'.  Thcic  were  no  sudilcn  deaths  due  to  SVT',  There 
weie  5  episodes  ol' syncope  and  7  7  epi.sode.s  oi  piesyncope. 
The  picsyncopa.l  episodes  included  20  uvialors  wiih  sign.s  ol' 
ccichial  hypopei  lusion  with  liglUhcaiiediier'S  and  6  with 
tunneling  ol' vision.  Idcven  '  iators  dining  their  episodes  ol' 
sv  r  niiiiiilcsicd  signs  of  cat  ae  hyjiopeirusion  with  anginal 
chest  discoinloil  ordyspn  .An  iiddilioiial  22  (5''o)  aviators 
had  hciiiodynamicallv  stu  reeiirrciu  e)u.soJe.s  ol  sustained 
SVT. 


CARDIAC  »  12 

CARDIOVASCULAR  -11 

NON'CAKOIAC  -  12 

7  Ml 

1  RUPTURED  AAA 

1  CANCER 

2  CCM 

?  SUICIDE 

1  CAO-CUF 

1  SEPSIS 

1  PROSTHETIC 

1  HIV  PNEMONIA 

VALVE  CLOT 

1  UNKNOVyW 

1  PNEUMONIA 

DIED  DURING  SLEEP 


1abl«  1.  There  wore  25  dcatlis  <n  (he  430  aviators  with  SVT  SVT 
was  not  a  cause  or  factor  m  any  of  (he  25  deaitir  Ml  '  myocardial 
•nfaiclioii.  ecu  =  congestive  cardioniyopalhy,  CAD  =  eoronaiy  artery 
disease.  CHF  -  coronaty  heart  failure.  AAA  =  abaominal  aortic 
aneurysm 


I 


iufnn'K'*tKtmmh 


25  ' 


3.*^  Ilvinoriyiiamically  Unstable  SV1' 

I  icinodynamicnlly  ntist.iblc  SV T  nccurivd  in  43  ol  ihc 
43n  nvifUor.s  ^^illl  SV  I  .  I  hirty-cijilU  of  these  nvinlois 

h<i(l  uiisinble  SV!'  ;js  ilie  inilial  in-Mii(cs(iUi(»ii  ofSV!’.  None 
of  the  .^S  nviators  liaJ  c»>I‘aciufs  which  were  iisolul  in 
idcitliiving  tticin  prior  to  the  initial  SVT  ovciu.  l•l^rly-ont• 
iuiiiiors  huU  unstable  SV  I'  events  wbkb  occurred 
spont:mot)us!y.  These  nviulors  promptly  scir-rcTcircii  !u 
local  medical  iroiuincni  lacilities.  Otic  episode  ol  hcniodv- 
iniinicnlly  unstable  SV  T  was  ecjunTiige-iiiduccd  rluiing  ‘IVU* 
Ki/  training.  Tour  (10%)  tiTtbe  42  aviators  later  puipresscd 
to  iinslahli*  SVl  lollowing  the  initial  diagnosis  ol  SVI. 

1  licse  lour  avial  ns  had  previouslv  doeomcnlcd  siiHiaiiied 
SV  T.  Three  <iT  the  Tour  initially  presented  with  recurrent 
sustained  SV  T  and  the  Toiirth  had  initially  presented  vvilli  a 
single  episode  oT  .sustained  SV  T. 

3.4.1  /nnnei'U  Si'i  uni/ 

hi’n}<Hlyntimu'u/tv  unsloNr  Sl‘/' 

Thiitynhree  (H7%)  of  the  .^8  avk'ior.s  piesenliiig  with 
tmsiabic  SV  T  liad  siisl;iineil  SV  I :  only  .‘'1(1  td'  the  .'*)2 
aMUlois  wilhoul  unstable  SVT  on  the  inde.x  .\v*S  cxalnation 
had  .sustained  SV  T.  Aviaior.s  presenting  with  sustained  SVT 
were  at  higher  risk  Tor  the  ad^liii(nial  iliugiu*sis  oT  unstable 
SV  T  (iclative  risk.  or27.2.  ]v  O.IIOI)  Nineteen  (SO"®)  t)rthe 
avisitois  who  ..lilially  pie,senle«l  vvitti  unstable  SVI  itad 
roeurrent  sustained  SV. .  An  additional  24  a\ialois  bad 
stable  reeurroni  stisuiincd  SVT.  Aviators  presenihip  with 
reeiirreni  suslai.icd  S\'T  liad  an  itieieased  relative  risk  til‘y.2 
(p  d.OOl)  Tor  associated  unstable  SVT. 

3.4.2  for  hi'/n<uh>httnuii!h  unsUihU-  M  / 

l  ive  (1.4'1m)  oT  ilie  aviators  iniiiallv  preseiiling  wUh 
iinslable  SVT  bad  a  subsei|ucnt  episode  oT  unstable  SVT. 
Tour  ( 1%)  ot  lhc  aviator.s  initially  presenfing  vvilli  stable 
SVT  had  a  .Siih.seduciU  unstable  SV  1  event.  Aviator.s  with  a 
prior  history  of  unstable  SV  T  have  a  <lemon.stfaled  eapacily 
to  retur  and  have  an  iiiereased  relative  risk  tKKl  of  7.1 
(p  0,001)  Tor  a  .suli.sequcnl  iiiisi.ible  SVT  cvenl. 

3.5.  Ilctiiudyiiumicaily  .Stable  Kccurrciit  Su.staiiicd  SVT 
During  the  lime  peiiod  of  Utis  study.  22  (5%)  avtalois  had 
slahic  lecunent  sustained  SVT.  The  vUihle  SVI  event 
occurred  al  llic  aviuUns'  home  ba.ses  in  I  K  (S2%)  oT these  22 
cases,  (n  the  reiiiaining  lour  ea.scs.  (he  .stable  rocuirciu 
suslained  event  oeeurreJ  during  tlie  index  ACS  cvahmtion. 
Twenty. one  (05%)  of  22  avialois  seli-reTcrred  vvitlim  34 
hours  to  local  lligin  .surgeons,  cinergcncy  rooms  or  ACS 
plivsieiaiis  due  to  the  .sudden  oii.set  of  pcisistcin  palptuiiioiis. 
Cite  ol'thc  22  aviators  had  stable  reeuirent  .siiMaiiied  SVI 
induced  duiiiig  local  ircudmill  (c.sling. 

3.5.1  liisk  fur  .vf/Ziyct/ru'///  •.•jiistufi'.s  o)  h  modviuimmUy 
unstuhU'  .VI  /' 

Three  (1.4%)  of  the  2.4  avialois.  initially  ptesemiug  with 
stable  icciiircnt  su.stained  SVT.  subsequently  developed 
unslable  SVT.  t)nly  one  id  the  .4(i9  stable  aviators,  iiuliullv 
piv.sentirg  without  rccunenl  susuunod  SVT.  Mib.se<(iieii(ly 
developed  unslalile  SVT.  Aviators  with  a  prior  bisioiv  ol 
slahle  leeunenl  .sustained  SV  1  were  at  incrcasctl  risk  (RR 
48.1.  i>‘  tJ.Ottn  Tor  the  .sulisequeiil  development  oT  mistjd»le 
SVT. 

3.5.2  Risk  f'  r  suh.\ci/ufiii  cyj/.vo(/i'.v  nj  hcntothufiffitfuR}' 
smW  n'ii  M  /* 

l•iv^•(22%)  oTlhe  23  avjiUor.s  initially  jrtcscniing  with  stable 
recuiieiil  stislaincd  SVT  and  (i  (2%)  of  tbc  Mnblc 
aviators  iniiiallv  pre.icnimg  without  recurrent  .su.sluincd  SV  T 
had  suKsequenl  s’isiaii:.:d  SVT  events.  AvIaUus  initiall) 
piesenling  with  slahle  recurrent  suslained  SVT  were  ill 
increased  risk  (KR  1.3  4,  p-  tlOlU)  bn  ilcveloping  suhscqiiciil 
sustained  SVI  evenl.s. 

3.5.3  lutiuil  ini’svnUHiiin  wiifi  In'modynunindUv  sUihU’ 
nonsusUtuh'd  M7' 

I  able  2  illastrales  the  predictors  oTonleome  Tor  suKscquciil 
sustained  events  for  ouch  ol  the  initial  hemodynamicnllv 
stable  .SVT  pieseutaiion.s.  <U‘  llic  .322  aviidors  iiiiliully 


presenting  with  iioiisiislainai  SV  i .  three  (b.^'fb)  had  a 
siih.scqiiciH  sustained  SV  T  and  none  subseqiientlv-  developed 
unsUible  SVl.  One  (0.5%)  of  the  214  aviatoi.s.  initially 
prcNcnliiig  with  a  single  non.suslajncJ  episode  of  SVT.  Inul 
:i  .siibsequeii'.  sustained  SVT  event.  Ol  the  108  avialois 
iiiilialiy  presenting  wiili  rccunciU  non-susiiiined  SVI.  iwi> 
(2%)  had  .subsequent  sustained  SVT  events.  AviiiU.ts 
iniiiallv  prcscniing  with  .slalde  noiisnstaiiicd  SVT  were  at 
ininiiiinl  risk  Tor  the  subsequent  Licvelopineni  o(  siihscc{nenl 
episode.s  oT  siisluiiietl  SV  I . 


SUOSFQUENT 

SUSTAINED  HEMOOYNAMICALLY 
INITIAL  fcVtNI  EVENTS  UNSTABLE 

Singl3  Nonsuslamed  SVT  M?\A  (O  5«/i) 

Hecunent  Norsustained  SVT  2/106  (2%) 

.T  igle  Sustained  SVT  3/26(11%)  1/28  (  ‘iVo) 

KecurceM  Sustained  SVI  b/ 23  (22%)  3/23(0%) 

Table  2.  Predictors  of  outcon>e  (or  subsequent  sustained 
events  (or  each  o(  the  initial  stable  SVI  presenlalions 


3.5.4  liiifia!  {trewnhiiuitt  irilh  Ju’iiioihiKiniu'iilh  .s/i/o/i' 
sushufit'ii  SI  /■ 

I  able  2  iilustrales  liie  piedicUns  oT  outcome  !oi  subsci|uent 
suslained  events  Tor  e.ieb  of  the  ‘'I  aviultus  initiallv 
prcM.iUiiig  with  stable  sustained  SVT.  T‘igli(  (ICw)  had 
siib.sei|iiciii  su.sl:tiiicd  SV  I  events  and  four  r*l  these  eight 
were  uiistiible  SVl.  (H'ihe  28  avialois  iniiiallj  pivsenliiig 
wiih  stable  single  sustained  episode.s  of  SVI.  tlirce  (11%) 
had  sub.sequeiit  susi.iine<i  SVf  events  tind  one  was  unsinblc 
SVT.  or  the  2.3  aviators  prcsciHing  with  si.iTdi  leciiiieiit 
suslained  SVT.  live  (22%)  bad  subseqneni  susiameii  SVI 
cvenis  nml  thice  were  unsliiblc  SVI.  A\ialoi.s  prcscndiig 
with  slahle  sustained  SVT  bad  nn  incica.sed  relative  risk  of 
Ib.K  ())-  (M)OI)  Tor  a  suKscqucnl  sustained  SVl  und  half  ol 
ibcsc  events  wcic  uiiduMe  SVT. 


•  No  Snbsertuem  .'tecurrence  Pb  /  fil  (49  03'*) 

•  Reccfience  m  0  to  1  years  17/  51  (33  3%) 

•  Recurrence  m  1  to  ?  years  3  /  .51  (  S  0%i 

•  Recune'^ce  li»  2  to  3  years  2  .'  51  (  3  9%) 

•  Hecunoneo  in  3  years  or  mo/C  4  /  51  (  /  G%) 

Table  3.  The  recurrences  by  y^ar  for  the  5i  aviators  wlio  inilialiy 

presented  with  sustained  SVT  and  had  a  subseqjcn'.  sustained  SVT 
event 


T.iblc  3  ilhisiiatcs  the  uiic  ol  leeiiirenec  lia  (be  second 
suslamcrl  .SVT  event  lor  the  .51  avialoi.s  iniiiaby  [nescnling 
with  -Miiblc  suslained  SVT  Twenly-live  (49%)  avialoi.s  ol 
the  51  aviator.s  had  no  .siibsci|uenl  suiauined  SVT  ■'veiils.  DT 
llitrse  avialois  having  a  suhsetiuenl  sin'lnincd  event.  17 
(.3.1, 3%)  bad  events  within  one  >car  ilircc  (fi  1)%)  bad  events 
with  1-2  years,  two  (.3.9%)  bad  events  wiihin  two  n»  llnec 
years  and  Tour  (7.8%)  bud  cvvnL''  which  'jceuired  nller  llirec 
years. 

J.f»  SVT  AssociufeU  with  AK  nr  MAT' 

Ninelccn  nviulor.s  whose  initial  rhythm  event  wus  ^l;^b!e  SV  T 
al.su  had  oiiiei  Mipravcnineuiui  tachyeutdias:  Tour  had  uiriai 
Tibiilluuoii  (Ah')  and  15  had  inultilbiin  tiliinl  laeliycaidin 
(MAT).  All  uddiiiotial  21  aviators  with  only  SVT  on  Ilie 
index  ACS  vvalouiion  lalcr  manifesied  MA  T.  AT’  or  ATI.  on 
subsequent  ACS  evuluations  i»r  lepoiled  them  on  iheir 
queslionnaires.  One  aviator  initially  pre.scnling  with  un-sta»>lc 
single  sustained  SVT  and  another  initially  presenting  with 
unstable  recurrent  susluiiicvl  SVT  subsequently  developed 
stable  /\l'- 


ifj-  4ihie;t:*fewsf-sk*aR.-<i  • 


.1.6.1  Risk  for  h\.'tnod\'ntimh  a\iy  unsuihlc  .VI 7' 

Notic  of  ihc  1 7  Jivialtjr.s  iniiial!>  pn;seiuing  wills  SVI  uiul 
ciilici  Al-  111  MAT  fisylhm.s  had  iinslahic  SV  T  and  ntinc 
subsct|ucnlly  developed  iinsiable  SV  I  , 

3.6.2  Hi-sk  Jdf  .suh.sct{nefii  n'lH'iitivo  I'Vffii.s 
One  oS  llie  I'oiir  avuitoi.s  iiiidally  presenlln^  v^iiU  .SVI  and 
Ai .  ainl  Iwo  nlTlie  15  avialtsrs  initially  presciUine  with  SV  T 
and  MAT.  sul)set|uenlly  developed  AI'.  l-ajilil  ol  (he 
aviators  initially  prcsenlinji  wlili  stahh?  SVT  wiiliout  MAI 
or  /\l'‘  Mihseqnenlly  had  reeuiieiU  rims  oTMAl.  Al'  or  All.. 
Avialois  initially  presenting;  with  SV  I'  mui  tulier  tiums  «»!' 
SV  r  were  al  mercased  risk  ll^U  7.1.  p  h>r 

sub.sev|uenlly  manireslini:  cilher  MAI.  AI-.  oi  Al  l. 

3.7  PrcH^xcitatinn  Syndroiuc.v 

I  here  were  iJi  aviatois  with  pre-exeitatioii  sviuir«>nic.s  and 
ail  were  idcntilied  on  the  inde\  AOS  evaliiatitm  tor  SVI. 
Se\ciilcon  had  WollT-Paikiitson- While  (WPW)  syndrome 
and  one  hail  l.ony-Cianonii-I.evinc  (I.Cil.)  syndrome. 

3.7.1  . 1.wfifi/i/jon  wuh  iwnnhivndiniciillv  mivfd/tlc  St'/' 

Si.s  ol'thc  IS  aviators  with  prc-exeilalion  had  unstable 

•SV!'  events  on  initial  prcscntnlion.  Only  Mi  {‘)%)  of  the  412 
aviators  vsiihotil  pre-exeitalion.  had  iin.slahle  SVI  events. 
Aviatcas  with  pre-c\cilation  svndroine  w,ere  at  inereascil  lisk 
(UR  3.K.  p  0.(101)  liir  iiustahle  SV  I  <.\hen  eoinpared  lo 
aviators  without  pre*e.\eilalioii. 

3.7.2  .■issoi'idUnn  with  /vfitnvm  .tw.v7(;j/u'</  St'f 
Ivvelvc  (67^A)  o|  the  IX  aviaiors  with  pre-c\ciiJMion 
syndronie  had  stable  SVT.  1  hree  (.H'tu)  of  the  12  had 
recutienl  .sustained  SVT,  Of  (he  .170  stable  aviatoi.s  willtoiK 
pie-excilation  syiuirotne.  IX  |5'?ii)  hiid  leeurient  -susiaiiicd 
SVr,  Aviaiors  with  siahle  piv-exeilatioii  symlionic  were  :U 
incicu.scd  ii.sk  iKK  5.2,  jt  0.002)  Ivu  reeuifcal  .siisiained 
-SVT, 

3.8  (aMi)>estivc  (hirdiuniyupHltty 

hour  aviaiors  had  a  dilated  eaidiomyopalhv  picstimed 
seeuiulary  lo  a  viral  inyoeardilis.  One  o\'  these  lour  had 
unstable  SVI .  While  ihi.s  early  tiead  sujigests  an  meieascd 
rclaiive  risk  I'oi  niislablc  SVI  .  ihc  miiiilKts  arc  loo  ;inull  lo 
cvlrael  aieiioinidul  inioiinaiinn 

3.9  Ollier  <'ufaetur  Dutu 

Ntt  olhcr  dia^'.iio.se.s  weie  incdietive  oi  inisiahle  SVI  nr 
slablc  iceuiTcnl  suslained  SVI.  Diiijjnoses  cvalnaletl  weie 
valvular  hcuit  disease  inehiUiu^!  inhrtil  valve  prolapse  or 
tiortie  insulHeiency.  etuonaiy  ailciy  <llscsisc.  vciitrieulur 
taehyeardia.  hutuile  braneh  blocks,  iliytoid  disease  or  under* 
lyiti^  dysrhyiliiitie  .suhsliale  (such  as  Creciueiu  (Hcinaluic 
uoml  or  vciilriwular  ennlraelionv  vr  pairiiu')  The  SVT 
diiraiion  oi  iniiNinial  iiviirt  tale,  social  Itahils  such  nselhanol. 
calVcine.  or  nicotine  ii.se  vvete  noi  iiscltil  ni  pivdieimp. 
suhsetiueiii  imsiahle  SVT  or  .slablc  lecuireni  su.siained  SVI 
events. 

J.iU  Iiivu.sjvc  Data 

A  loiiil  or  ,58  eleelrophysiolov.ie  sludie.s  (Id’.S)  and  154 
eardiae  emlieteri/alion.s  were  perioinied.  The  l-.PS  did  not 
predict  xubsctjtienl  lientodyiiumieally  unstable  SVI'  oi 
reenrrenl  sushiiiied  SVT.  (niportanlly.  the  I'.l'Sdid  not  deiccl 
previously  unreeogni/.ed  pre-exeiltUioii  «)r  conduelioii 
disorders,  |•■ol^y•si^  (1 1%)  ol'llie  4.30  avialois  had  gradable 
eoroiiiiry  artery  disca.se  by  cardiac  eutlieleri/aiion  None  ol' 
die  20  aviators  with  ehnieally  noriiuil  ireadiiiill.  ihaltium  and 
euKinaiy  atlcr)  llunro.scop)’  lesl  re.sults  bad  giadahlc 
corollary  urlciy  di.seuse. 

3.!!  !a  Miglil  Lvv;i!<r 

Only  live  SV'l  events  were  rcporlcd  during  lliphl  Uircc  ol' 
these  events  were  self  icrininalin^':  hentodyiuintienllv  siuble 
SVT  events  assneiulcd  with  palpitation.s  which  did  md 
impact  the  iiii.vsioii.  In  two  aviaiors.  hemodynamicJilly 
unsiiihle  SV'l'  evens  resulted  in  aboited  missions.  In  llic  llrsl 
case,  the  pilot  noted  the  sudden  onset  orpiilpilalions  shortly 
uller  takeiin.  associated  wilh  li^tlulieudedness.  dyspnea  and 
fMccoidial  che.st  liy.hhtess.  In  the  second  case  the  pilot  noted 


llic  sudden  on.scl  ol  palpitations  assocuilcd  wiili  liitht- 
headcdticss.  In  both  eases,  the  SV  I'  was  seUTenninalinp  and 
each  pilot  lauded  >Kirely. 

4.  DISCUSSION 

Ibis  review  validates  the  initial  premise  thai  certain  suhsel^ 
ol  aviators  with  SV'l  niav  be  relumed  with  minimal  aern* 
medical  risk  to  llyinp  diilies.  The  data  illustrate  lltal  the 
initial  SVJ  presciitalton  eharacteristies  arc  iisci'ul  in 
prcdivliii}!  subsequent  SVT  evciiLs.  Avialitrs  prescnlin^;  willi 
-Siahle  iioiisiistajiicd  SVT  wore  al  U>‘.v  risk  tin  subsequenl 
.sustained  SVT  or  unstalile  SV!  cvenls.  As  the  (Vequeuev 
and  Juration  of  the  initial  episode  of  SV  T  iiierca.sed.  so  did 
the  oceurrciicc  ol  .subsequent  reciiiTont  suslnincd  aiui 
unstable  .SVT  cvems.  Those  iwialois  preseiilirig  with 
siLslaiiicd  SV'l  had  an  inciciiscd  risk  loi  .siihsequent 
sustained  SVT  uiid  un.stable  SVI'.  ANiulors  v-iih  stable 
iccurreiil  su.slained  .SVI'  were  al  ilie  iiigliesl  risk  for 
Mibsci|uciit  episodes  ol  sustainc'l  SVI', 

Selected  Mihseis  SV  I  dearly  are  al  an  increased 

oeeiipaiional  lisk.  Aviators  prcsenliiip  with  unstable  SVT 
have  an  increased  idative  risk  o('  7.1  lor  a  .subsci|ucnl 
iinslubic  SVI  event  eoiiipared  lo  aviaiors  pre.sentinp  without 
unstable  SVI.  Avialois  pivsentin);  wilh  stable  leeinrenl 
siisiaiiicd  SV I  v\eic  48.1  limes  nunc  likely  lo  have  a 
siiir.c(|(ien(  unstable  SV  1'  event  thiin  those  avialois  vvlio  did 
not  present  with  slablc  lecuirL'Ul  snslaiiied  SVI.  Avialois 
piesenliii};  with  a  Mibscquctii  suslinncil  SVI  c'’cnl  in  less 
(ban  3  years  aie  eoii:.idered  to  lie  liviiucnllv  reeniiciit  iUid  to 
lepre.sent  (tiu  liigb  a  risk  (dr  coiilinued  llijzht  duties 

Ihc  diil;!iiosi.s  td  prc-c\cilalion  pallein  on  1-3 '(i  in 
association  with  SVI  was  also  predictive  ol  iiiislnhle  SV| 
aiul  subsequent  lecuncnt  sustained  SVI  evenis.  Aviators 
with  pre*e\ei(:iiion  syndrome  had  a  1  X-ldld  increased 
relative  risk  (or  unstable  SVT  and  a  5.2*itieiea.sed  relative 
risk  lor  Mublc  rceuireni  sustained  SVI.  Dnsiablc  SVI 
oeeuned  in  only  (hose  aviators  wiih  snslained  SV  I  nml  pie- 
e.seitalion.  None  ol  ilic  uvialtus  with  pie-e.\eilalu)ti  and 
imnsosUiiiicd  SVT  developed  Mihscqnem  unstable  SVI  or 
siibscquciil  siistaiiied  SVJ  events,  I  hese  data  snppoil  the 
prose'u  pidiev  u>  disqimlily  aviators  wilh  pre-exeitalion 
paitchi^  and  susiaineii  SVI  and  siipiiesi  liiither  review  oC 
avt.ifois  with  iioiisuMaiiied  SV !  and  pre-est  iialmn. 

No  other  eoladtu  was  nscinl  in  pjcdiclinj’  subsequenl 
licmoJynaniieally  unslable  SV  I  or  stable  ieeiiii>  nl  snslained 
events.  .Aviators  wilh  valvularlieiuldisea.se  inehidinp  mitral 
valve  prolapse  and  aortic  insunieicney.  eomiuiiy  lutciy 
disease.  Icil  tii  rijjlii  bundle  braneh  blocks.  veiUiieular 
(aehyeaidia.  inactive  pulniouaiy  sareoitlosis  in' dysihyihinie 
.aihstiatc  were  ni'l  at  increased  ti  k  ji'i-  iif ''i!'!,-  ^vi  ni 
stable  reeurrciil  suMamed  SVI 

Aviuioi.s  prcsciiiiiip.  with  SVI'  and  Al'  tn  MA  1  were  not  al 
increased  risk  lor  uiisiuble  SV  T.  While  ihc  eonibinulion  did 
not  predict  .siihscqijcnt  licnnulynainieally  uoMable  SVI'  oi 
lecuiieiit  siistamcd  SVT  evenis.  il  likl  predict  Mih.scipicni 
beiii<»dynamie:iliy  stable  supravcnlrienlar  taehydysrhyihmias 
.such  as  atrial  tlbrillation.  atrial  lUilter  or  mullil'oini  atrial 
iiiebycardia  wilh  -jn  ineicased  lelativc  risk  ol'T.'l. 

Prior  to  ibis  review,  aviators  wilh  sin^de  mils  orsliibh:  SV'l 
were  considered  Itu  waiver  il  underlying  iiiadahic  eoionar) 
artery  disease.  pre-excilaiioi»  syndronie.  vulvnlar  heait 
di.MMse  incliidiu}^  mitral  valve  prolapse,  ventricular 
laehycardiu  or  icil  bundle  branch  l)loek  could  he  excluded. 
Dused  tui  Ihis  review-,  current  IISAI-'  guidelines  rccuininend 
till  evaluation  nl  Uic  aviuUn's  lioiiie  base  ibi  a  single  c|iisude 
three  lo  leu  beat  run  of  .SV  I  .  i  he  |i>ciil  cvulnalion  will 
include  an  intoiual  inedieine  evaluation  to  exclude 
)ii:cipi(aliiig  colUcUirs  -mkI  tuuleilying  palliologic  eondilions. 
aboratory  .studies  including  Ihyruid  runclitin  losis,  a 
treadmill.  :iiicchoetirdiog|-ain  and  Holler  iiionil(u.s  peribnned 
nmnihly  ibr  three  mouths. 


AviaUirs  with  unstable  SV  I',  sustuincil  SVl'  or  recurrent  runs 
ofSVT  should  be  rd'ciTcd  for  a  complete  ACS  c\ttluution. 
The  ACS  evaluation  will  include  a  history  and  physical, 
laboratory  studies  including  thyroid  function  tests,  treadmill 
tost.  Holler  monitor  and  echocardiography.  Aviators  older 
than  35  years  will  also  receive  a  thallium  scan  and  cardiac 
fluoroscopy.  Invasive  studies  will  no  longer  be  required 
unless  clinically  indicated.  .A  single  epi.sodc  of  nonsustained 
SV  f  will  not  require  AC'S  ro-evaiiiallon.  AC.'S  re-evaluation 
every  throe  vears  will  be  required  tor  rocurrem  or  sustained 
SVl. 

Unrestricted  flying  duties  will  be  considered  for  avijuors 
with  a  .single  episode  of  stable  nonsustaitied  SV  T  or  a  single 
.stable  cfusodc  of  sustaineil  SVT  with  no  other  disqualifying 
obnoniiality.  Nunsustuined  or  .sustained  SVI*  assi»cialcd  wilh 
milrnl  valve  prolupse.  .surcoidosi.s.  bundle  branch  blocks  or 
other  valvular  heart  diseases  (except  aortic  insuincicitcy) 
may  resuine  iinrestrieled  Hying  dulics- 

Nonhigli  perfbmiance  Hying  duties  will  be  considered  for 
aviators  with  stable  reeurrcnl  sustained  SVf  with  no  other 
disqualifying  abiiomiality  when  the  interval  between 
sustained  events  is  three  or  more  years.  Nonsustained  SV  T 
assueiuled  with  iniiiiinal  curoitaiy  aileiy  di.scase.  ventricular 
tach)cardi>i  or  aortic  insulTieieney.  and  a  single  .suMained 
episode  of  SVl  associated  with  ventricular  luchycardiii  i*r 
aortic  itisunieicne>  may  also  he  returned  to  lumhigh 
performance  flying  duties. 

Hcnnunenl  disquahlieulion  will  be  considered  for  aviators 
with  heniodynamically  unstable  SV  \\  licmodysuimically 
stable  reciiiTeni  sustained  SVT  when  the  HKcrval  between 
sustained  event.s  is  less  than  three  vears,  an\  SV'f  with  pm- 
cxeilaliou  and  sustained  SV  f  with  gradahle  coronaiy  ailcry 
di.seuse. 

In  sumniaiy.  carefully  seleelcd  aviators  with  SVT  ina>  he 
returned  safely  to  Hying  duties.  I  hose  uviatuis  with  certain 
underlying  pulludogie  diagnose.s.  he.iuodynainie  instability, 
frequent  rccuiTcnl  su.siaincil  SV  I  and  f«re-exci(uiion 
syndrome  reprcseiU  a  higher  oceupalmiial  risk  and 
disqualilkatloii  should  he  consideied. 
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INIRt^nUCIIdN 

S.iivoiJo.si.s  ii  >iy.sleini<;  }!i.itiill<iiiniloiis  discii.v;  i>rnnk.inmii 
eliiiio(!\  and  is  ^cnciall\  a  heiu^n.  .sell- liintUti^  Ji-sniUei 
MyocyrJial  invob'enienl  lias  liccn  kiunvn  siin.e  b‘*> 

scveiiil  nitielcs  piihlislied  in  llie  eailN  l'>7t)\s  nuhcjilL-d  tliai 
inyoL-aidial  invoU'cineni  uas  a  iiioro  coininon  mui  .seiloiis 
prohleiti.  Ill  l‘J7'l.  1  k-imn^i  icjunlcd  on  *>0  eases  t>l 
iiiyocnidiul  sarcoidosis  \si(|i  caidiac  involvouciil  coiiririhed 
in  20  cases  by  necni|)ss  lie  su^jiesied  (iud  inyociudiid 
sarcoid  was  )nobabl\  niiderdia^ia.sed  and  ua.\  not  a  laie 
condilioii  (2).  Ill  l7Xd.  lie  also  .supjiesled  dial  siiicoidnsis 
was  lie(.|iieii(lN  ovei looked  niihl  sudden  denlh  ocenis.  ol'lcn 
ill  M'liilivelv  voiinj;  people.  2  "-M  veais  o!' siy'e  ( “^1  In 
MalsUi.  e(  :il..  lepoiterl  in  a  Japanese  population  on  ’2 
individuals  with  .saieoulosis  al  aillopsy.  I  i(ly*ei}!li(  pcreenl 
III  lliese  iudividnals  dieil  l•ec:lUseol  ni\oealdi.il  nivolvenieiil 
Most  o|  the.se  dealh.s  were  sudden  aiul  ilie  diagnosis  uas 
;:enoialK  not  stispeclcd  during  lile  In  addition.  inu>ciiiJial 
uivolveiiient  v  as  iippaieiKly  a  late  eoniplicalion  and  was  not 
ptedicled  by  pio^ressive  pulinoiiaiv  iiivoK'cnieiU  (4)  In 
I ‘>77,  Roberts  d  id.,  teporteil  on  1 1 1  pulicnl.s  I'ound  i:>  have 
inyoeardinl  sarcoidosis  JUimlop.sy.  Seventy-nine  percent  had 
cai'diiic  dyslnnclion  due  to  niyocaiJial  involveincnl.  o7“:. 
espolienced  sudden  denlh,  and  2Vyii  developed  t«iij:cstive 
lieail  Ihiluve.  Most  palienl.s  with  myocardial  saieoid 
pre.sented  initially  with  caidiae  syumtonis  and  iiiost  laid  little 
01  no  eviJenee  oj'odier  or^aii  iiivofvenicnl  In  i(*%.  sudden 
death  wa.-i  the  initial  nianirc.s(ationol  saiv<>idi>.si.s(^).  In  view 
oi  the  iM.ssibie  eauisliopbic  conse(|(icnces  ol  sudden 
unc.spected  death  or  sudden  itieunaeitalioii  ol  a  iiiililni) 
aviatoi.  the  United  States  Ail  I'oive  (USAI  )  bceaiiic 
coiieeiiied  about  (he  iiiiplicalion  ol  inyoeaidial  saieoklosis 

Prior  lo  |U7H.  all  ll.SAI'  llyei.s  ‘.vitli  sarcoidosis  wcic 
evnlualed  al  the  local  Iliulii  sin^eon'.s  oUke.  Alter  (tic) 
becaiiic  .slalili:  and  (ho  liiidinji.s  oC  sarcoid  tcsolved.  the'- 
were  rcluiileil  lo  Ilyina  dulie.s  with  a  loeal  wuivci.  Ilie 
delail.s  t»r  this  local  ovahuition  were  not  pre.scribed  by 
piolocol  and  were  hasoJ  solely  on  ihe  jnd^etnetU  ol  (he  local 
phy.sician  In  I '>7S.  (he  USAI'  iniliatcd  the  sarcoidosis  study 
l>ion{).  litis  proitratii  was  initialed  (o  .lolve  2  basic  probleni.s. 
I'irst.  clinical  sitidie.s  iiulicalcd  that  ,i  mote  thoroiieh 
evaluation  was  icituiied  to  exainniL-  the  |'<ossibi||ty  (Inn  an 
individual  with  a  liistory  ol  ptiliitoiiary  Siiicoido.si.s  tnav  have 
a.syniptoniatk'  inn  sj^inllcant  iii)oc:irdial  m^xioloiiias.  Iln.s 
pio^rain  also  provided  a  intchaiiisin  lor  leciiireiil  pciiodte 
evaluations  lo  eii.sure  (lie  uviaUn'.s  coiitiuiied  Illness  Im 
Hying.  Ilie  .second  objective  ol  (lie  saicoid  .study  gtoiip  was 
to  peiroiiii  lliese  evaUialioiis  in  a  .system  die  Inshioii  wiili 
pel  iodic  review  («)  deteiniiiie  the  olilctuiie  orindivi(Ju.'tls  with 
a  liistoiv  of  saieoklosis  to  iiisiiie  that  llie  progiio.sts  ol'  (Ins 
group  was  consi.stciit  with  coiuiiiued  (lying  duties. 

MI-:ilH)|)S 

hcgiiiniim  ill  July  I'HX.  all  aviaior.>  with  newly  diaLMto.scd 
or  susoecled  sarct)ido.sis  were  lelened  to  (he  Acioinedic.'il 
Con.siuialion  Service  (At’S^  at  Hiooks  Al  U  lor  evaiitalioii 
and  I'oltow-up.  *l1ie  evaliiatton  included  a  lii.suny.  physical, 
ophlhalniologv  ev.ilnation,  clie.sl  X  ray.  skin  testing  (I’I’I). 
nuinips.  and  iiioiulia  aiitigetis).  Kveiiii  test.  c\eict;%: 
ire.idniill  U'.sl  w  ith  (liallinni  invoeardlal  scan.  Ilollct  iii»iii(or. 
ccliocuidiograpli) .  pulnioiiaiy  (unction  (c.slitig.  gaiiiuiii 
Ihoracic  and  abdoniiiial  yeans,  .sciceiiing  lab  Mmlks. 
coccidioidomycosis  .ind  liistoplasniosis  {i<cr.  24-hoin  urine 
lor  calciiiin.  and  seriiiu  aiigiolciisiii  coiivcrtmg  eit/viiic 
lliose  individuals  without  ti.ssne  diagnosis  (intlciAveiil 


llc.xible  bionclioscopv  and  liansbioiiclii;il  biopsy.  In  1‘lXU. 
Hie  iei|uireiiiciil  lor  bioileho.seops  was  ainendLil  lo  include 
only  llio.se  patioiits  who  leqiiited  that  pioccdiiie  f<M  clilliviii 
tea.son.s.  Kveiin  testing  was  iciiioved  as  it  w.is  not  possible 
lo  ob:.iiii  a  reliable  stall  ee  lot  antigen  ( iallioni  sciiiiniiig  was 
also  slopped  unless  slioiig  elinical  indications  existed 

liiilially.  allaiKiew  iiieriibcis  with  .i  di.ignosis  ol  .saict'idnsis 
weie  gioiilidcd  (or  .iii  obseivatjon  peiiod  ol  2  yeais  II  Hie 
d'sease  beeaiiie  iii.icl:ve  Ibi  2  yc.iis.  w.nvet  I'oi  lUmg  diKie.s 
W.IS  Itieii  giaiilcti  lliose  wiSii  cMdetice  ol  [leisisieiit  achve 
di-sease  weie  disiitiahricd  individuals  weie  also  distjualirted 
lot  c-videiii:e  o{'iieiii('s.ircoid.  jx^slerioi  nveihs.  oi  stgniiicaiil 
l-i'li  rnidings  siicli  as  yentiicuiai  ui  sii|iiavenliiciii:ir 
i:iih\c:irilin.  bundle  bi.-uich  block  oi  an  mlarclioii  |)a(I<*in 
Avnitois  were  rctpiiivd  (o  have  peiiodii  icevaliintions  eveis 
t  \eai.s  t»r  soonci  il  lc.s|  ie.siilf.s  waiiaiiietl  In  l'»X‘i.  (he 
initial  gioiiiiding  period  was  rediiccd  lioin  2  yeais  (o  I  year 
and  rollow-iip  intcival.s  weie  inerca.sed  to  a  inaMiniiin  level 
ol  s  yeais.  (lie  iiicdie.il  icet>itis  on  ill  aviators  stt’ii  sit  Hie 
ACS  with  siUvouKsis  (mni  July  1U7X  Ihioiigh  Maivb 
were  icvieuetl  lliese  imlividnnls  weie  Hieii  ct*lilaeled  by 
telephone  •iiul  iiileivicwed  hy  physician  lo  ideiilil’y  medical 
pioldeni.->  Ol  syinplonis  .mikc  (hen  last  ACS  cvaliiiilion 

Rl  SUI  I  S 

l-!ighiy>oiie  nviatois  vsere  seen  nl  the  ACS  WiH>  a  duiguosi.s 
ol'  saicoidosis  All  were  men  and  then  mean  age  was  bi 
yeans  »•/•  7  yeans  Ilie  giotip  inchuletl  72  (7X'>..)  cmunsian. 
X  (IH%)  black,  and  i  (2%)  Amcnenii  Indian  I'lioi  lo  (be 
diagnosis  ol' sarcoidosis,  all  were  pliysically  iptalilkd  (o  llv 
U.S.  Air  I'oicc  aiicral'l.  SiNtv-iive  (S(>%)  were  .seen  mme 
(bail  oiicc  Ibr  a  mean  lt>|}t)vi'iip  ol  o  year;..  Iclephtme 
eontnet  was  made  wilii  7v  (V^%)  lor  a  iiican  leiej>houe 
loiloWMip  V  ycJirs 

Ilie  tliagiiosis  ol  s;iicoidosiK  Was  conliimed  b)  biopsy  m  nX 
and  bv  Kveim  leaclioii  in  one  indivivlnai  In  12  ol’  Hie 
iiidiviuiials.  a  l)io|>;:y  was  ii<d  dune  m  did  nol  .show  iion- 
easc.-iliiii'  giainihnna  In  these  12.  Ihe  dmgno.sis  was  made  by 
the  comhiiiation  ol  eliest  X  ray.  prc.seuialioi>  and  cliiiieal 
conise. 

Ilie  imtial  pieseiiUtlioii  I'oi  52  (bd'M.)  individuals  w.is  an 
.ilmuinml  elic.sl  X  ray  that  was  obtained  on  n  roiitiin'  bnsi.s  as 
p.-iit  ol'llic  annual  ItighI  phy.sical  cxanim.itiou.  Ib.e  uiaioniv 
u|  these  individuals  weie  idetiliried  in  the  early  yeais  t>r  the 
study  since  che.sl  X  inys  were  obtained  annually  as  pait  ol' 
the  lOiKine  Hying  physical  piiov  to  1777  My  ilie  time 
.iviuions  were  seen  at  the  AlS.  at  least  I  year  bad  >:|al\scd 
since  llicii  initial  diagnosis  ol  saicoido.si.s.  and  ‘I5'/m  ol  the 
ciic.sl  X  Miys  rcinaiiieJ  abnormal.  Iliiar  adeiiopalliv  was  the 
most  eoiiiniun  I'liuliiig  in  24  (4(i‘k'i),  <>  (I  I'R.)  bad  inllllrntes. 
and  y  (('%)  had  lijlui  adeiionatliy  with  iiiiiltiales.  Some 
uniisiial  lindings  were  a  iioduie  which  eventually  resolved 
and  ttnoilior  hud  bnHous  hmg  disease. 

rwenty-nine  aviators  nre.setiled  with  a  complaint 

wiiieh  iiiitnilcd  Ic.stiiig  leading  t.i  lire  diagnosis  ol 
s;ireoidosis.  Ilie  leading  complaints  w-erc:  eoiiyh  X 
.irthialgia  7  (24%),  I'aligiieAveakiiess  {>  (2U'’/i).  swt)lleii 
ankles  5  ( 17%).  excitionul  dyspnea  rn  .shortness  ol  breath  5 
(17‘1<^,),  eiytheinu  iiiido.Miin  4  (1,1%).  lever  1  (IH'J^i).  rash  2 
(n%).  and/or  iietirologic  coniplaiiil  2 

I'wo  aviiiUrrs  had  lioii-vcpeirusiiig  delects  on  Huilliuin  scan, 
but  declined  rnrtlicr  invasive  diagnostic  te.stiiig.  Oncol  these 
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indiviiJual'^  Ktiiaiii''  as'-iMpliMiiitlic  allcr  l(>  sc.ir^.  ilic  other 
dieii  X  ^LMl^  latei  ot  peiiit  illio  .m.ipl»>l.i\>s.  rcptcsenimv  Ihe 
only  (iciilii  III  llic  'itikU  popul.ilion  Nine  (IT'o)  iu'd 
(ailiNdysrliyiliiiiMs  \\|nel;  iiia\  have  I'ccn  ,l''^Ol.liited  vMlh 
niVociirdi.il  s,iiv.nidosis.  hill  o(]|>.r  possible  «.aii.ses  coiiKi  iioi 
be  cliiMir.atcd  Ihcre  \^as  I  wiili  briei  runs  o|  veiiliK'iil.ii 
tiicliNciirdui  .'Vi).  uiJ  tlieie  were  o  with  iioiisusl.iiiied 
siipr.iN ctilrkiil.ir  t.Khsi.ardiu  (SVI  )  loiitul  on  Holier,  ihcic 
^^erc  2  individuals,  I  vMlIi  bi  lel  runs  ol'  V  I  and  ahothci  Wilh 
I'reqneiit  mns  n|  noiisUstaiiied  SV  |  who  were  aKo  pumd  to 
have  iiiilrul  \al\e  prolapse  (MVP)  Ineideiital  MVp  w  u 
loinuli'v  <iti.M.ullahoii  and  voiii  iiincii  li\  ee)i\>L..iidio^ia|iIi\  m 
(i'"  ')  ol  llie  llidividil.ils  in  Ihis  sindv  [hose  with  luMh 
MVP  and  .sarcoidosis  were  nindi  mote  likcK  to  have 
sipinlieiiiil  cetopv  ot  laelivdvsihyihnnas  as  eiunpated  to  the 
l!roii|i  with  siircoid  onh  (l.iblc  I].  Hullin'  Ibe  course  rl 
jo‘l(iw-np.  (here  were  no  qirsodc-s  o!  Muldeti  death,  svneope. 
picsyucope.  or  eon^cslive  lie.irl  l.nhiie  I"  addibon.  iheie 
weie  no  ease*,  ol  nivocariliat  sart  oidost-s  ptoveii  b\  bmpsv 
or  iuitopsv  Ili'Wevct.  liiete  wete  no  cltuiea)  indtc.ilious  hit 
biojisv  Ml  any  ot  these  individuals,  aiul  the  aiitopsV  th.il  -cas 
|ietlonned  did  not  .siiow  ev  idciice  of  nivocaidial  saitoult'sis 
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Si^iiiriciinl  arthyiliinias  coiiMsl  ol  lK\|uenl  PVC'  s  {  r'»ol 
all  beats  oil  I  loiie<  nioinioi )  pan  iiu' .  and  taelisciv.sili\1)iiiii.i'. 
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I’nliiion.ifS  bine  lion  Icslni^:  was  abnoinial  in  I  ( |X‘’..)i»|  the 
initial  csaliialioiis.  all  atiiioiinal  tests  showed  mild  t«- 
iiuidunitc  ob.dinciive  pabenis.  At  die  time  ot  tiicii  last 
evuinalioti.  Ii)  ol  these  lenuMiied  abnoiiiMii,  the  otiict  live 
liceaine  luitiiial  I  otii  ( ^''o)  ol  the  X I  niJividiials  pio^iessed 
Itoin  mild  olistriietion  {tiiMib'rc.  I  cVI/l  VO  to  nmJerate 
obslntetioM  leVl/lVO.  One  individual  lind 

progressive  cleteiioiatioii  in  both  I’l  l'.s  and  ehe.st  X  lay 
eon.sisicni  with  a  pio^re.ssivc  tihro.si.s  Iliorc  were  ^ 
individuals  with  new  mild  (ib.sliuelive  |iat(ciiis  on  then 
Pi'l  ‘s  at  tile  (itiic  ol  then  la.sl  eviilualio:t. 

Six  \iyy»)  iiad  active  saiCoidoM:.  oi  saicoid  sequelae  at  the 
lime  ol  lliv-ir  last  evuhmtioii.  One  ol  these  mdividiiats 
developed  imilateiai  hcaiiii^i  loss  2  vveelcs  alter  pie.scntinjj 
with  all  itbiionnul  chest  X  lay.  ronio^niphy  of  liie  head 
sliowcd  a  kill  density  in  the  brain,  rieadnenl  with  steroids 
resulted  in  a  return  (-t'niiditvuy  liinelion  and  lesohitioii  ol  the 
le.sioii  Aiiollier  eoiiiiiujes  to  have  projiro.ssivc  pufnionaiv 
llbrosis  and  reactive  airway  ilise  i.se  alter  X  years  of  IbIloW' 
up.  l  oin  individuals  hail  indications  of  disease  iictivitv  on 
their  most  recenl  evaluation  such  as  ineieased  iniilliales  on 
eliesl  X  lav  and/ot  elevated  liver  eii/>ines 

DISCUSSKIN 

Hy  the  Id7n’.s.  the  ^etieial  inqtrcssion  ot  inany  reseaieiier.s 
in  .'•aioOtJosis  wa.^  thui  inyosiioliu!  mvolveiueni  vvas  uii 
imderdia^tiDscd  eoudiliou  ol  clinical  coneeiii  llieii 
iniprc.csion  was  deiivcd  (u»iii  eiliier  autopsy  studies  or  exse 
seriC-s  .sludie.^  ol  individuals  lelerred  to  a  (eiliaiv  medical 
I'aciiity  lor  .syinptonuilic  disease  However,  ihere  vveie  no 
sludie.s  tiiat  esliihlt.siiesl  Ihe  hin^-tetui  pro^iiosis  ol  an 
individiiul  presenting  willi  sarcoidosis  but  a.syinptiniia(ic 
iiom  a  cardiac  slaiidpoisil. 

Ill  tlie.se  HI  aviulor.s  tollowed  liir  yeai.s.  .bere  were  no 
e;)'«sude.s  ol  sudden  deaili  or  syncope,  and  no  aviator  wa. 


lonivi  Ui  dc*veU»p  mvoc.inhnl  'iii4,oido.s|s  bv  llic  lest|ii>: 
applied  Ilie  intdiiip^  oi  iionsnsi.iined  VI  and  SVI  in  nine 
.Mibieels  both  vvilh  .ind  w  illioiil  MVP  ina\  have  lesiilicd  Iftmi 
small  }:rai)u|oiiMs.  but  .ue  piob.ihlv  iinrclaleil  Vcntni.iilaT 
lacliyeatdm  has  been  iept>ilcd  as  tjpe  o|  the  iiioie  ominous 
li:illllialV..s  o|  -^aicoid  lie.iil  disease  (O.7.H.0)  Su|n.i 
veiitriciiKii  tachyairlivihimas  ate  coiitiiionK  lepoMed 
ke^rellabiy.  riiy'.hiii  and  condiiclnm  ilisliirballces 
•lie  also  relatively  coinmoii  in  «»tlieiv>isc  beallhv  people 
wilhotil  sarcoidosis,  so  (lie  speeilicilv  i»|  thc.sc  I’nidiiips  is 
low  llovcuvci.  tlie.se  nutividuals  lein.iined  asMiiploimihv 
ii\ci  the  coiiise  of  the  siudv.  and  no  iMlici  lestiiij;  was  tell  to 
be  i litiically  iiiuic-i'ed  Hie  .uidihoiial  thuhnp  o|  MV}'  m^'h. 
ol  ,iviiilo|.  was  .iho  tell  i«i  he  a:»  incidenliil  .md  nniel.ilcd 
liiuliiie 

1)1  iiiUe.  m  l')7(«.  a  *‘)-\eai-<i|d  lISAl  aviatoi  iheil  snddeiilv 
ai  lioiiic  with  inyocarJiiil  involveineiil  o|  picviinisjv 
iindia>;tiosed  s.iii.oidosis  Hus  iiviabu'  piesenls  a  dislUibnic 
bill  predictable  pioblein  since  nio.st  niiliv'diinl.s  with 
saKOiilosis  aic  proltablv  not  dia^iuweit  and  snclden  deal))  is 
a  well  ilesciilied  picseiilmp  ‘vni)»loin  ol  nivocaiilial 
saietu Jo.si.s  Hii.s  ca.se.  htwvevei.  docs  not  allei  oiii  liiidiiiii 
licit  tiidiv idti.'ils  with  s{||v'oi>io.sis.  hill  asvinplonialic  liiUn  a 
e;tidi.ic  siiiiidpoint.  liaVc  a  j.‘ood  lonp  teim  proiniosis. 

Ihe  ability  to  \  isUiih/e  myocaidi.d  (issiu-  ha.s  cli.iiived 
di.imatieallv  over  the  coni.se  id  this  stndv  le.sts  nviiilable 
diiiinp  most  ol  tills  elloil  weie  nc’illici  spci  llic  iioi  sensitive 
lot  idciitilyin^  invocardiai  eraniiloin.is  rnlu'e  elloils  in 
nidiv idiiais  siiqieeled  i>l  having  myocaitlial  sniioid  cvip 
piobablv  benelii  Irom  new  moilalihcs  such  as  MU|  (ii.l  !) 

Allhouv*li  llieove:.ill  pio^nosis  is  vviy  liivoiabic.  we  Icet  the 
lii^li  uiiitibc-f  oriaihvtlv.srliyllintiasiiiul  Ihe  simill  but  ilelinile 
possibilitv  ol  mvoenidi.d  litsease  slill  w.inaiii.  sonie 
ciiiitimied  siineillauce.  Avi.ilois  with  saicoidixsi.s  should 
lemaiii  di.sc|ii«dilied  nulil  the  disease  i.s  inactive  lliis  ineaiis 
that  Ihe  nvialoi  is  .isvjnplomiilii..  llic  chest  ladio^-iaph 
lesolves  (liilni  adenopathy  may  icniniii  but  should  be  stable 
m  si/e).  and  thcie  is  no  olliei  oi>ian  invoKeiucnI.  I’ltot  to 
leconiniciulaiioii  lor  nviiijj  waivct.  llie  avialoi  sbonUl 
nndcijjo  an  eval'iation  to  niebide  hisloiy.  jiliy.Mcal.  chesl 
railio>!tti|ih.  ptiliiioiuiiv  Iunclit>n  icslin^.  2-l-lumi  Holler 
mouilor.  and  laboiauny  Icslmi^  (iin^iiolcnsiii  conveitin^ 
eii/ynie.  licet  cn/yincs.  am!  blood  count),  rxcieise  sliess 
lesliiip.  llinlliiiiii  sc  inlip)  itphy.  palliiiui  scan,  cehocuidi- 
oprapliy.  etc.,  need  not  be  done  iiiiIl‘s.s  dmicalU  indiciilcd. 
Mapnelic  re.son:mce  iiimpinp  holds  suine  pioinise  m 
seicyitinp  lot  CNS  oi  inyocurdial  siirconl.  however.  Inilhcr 
lesiiiip  needs  to  he  dime  helotc  ihis  modaliiv  can  be 
einployed  louliiiely  I’m  occupaiioiiul  ovalnalioti.s.  If  Mie 
above  sludie.s  show  liiut  the  disease  i.s  ijme.sceiil.  we  leel  tlial 
the iiv tutor  may  tetuiii  (o  Hyinp  diiiie.s.  We  al.so  lecommend 
peiiodic  recvalnation.  cveiy  two  yeais.  since  myocardnsl 
involvement  niay  apjicar  nuiny  years  alter  the  initial 
piilmoiuiiy  maiiircslalion  ol  dtscicse.  1 1  there  is  mvoeatdml  or 
iicuiologic  .smcoid.  ot  elinictd  evidence  ol  olliet  oijian 
iiivolvcnienl.  llicii  the  aviator  .should  he  ^iniinded 
peniKiiiemly  Air  (.'ommodoic  Hull  ol  CJreai  Ihitain  li.i.s 
reiwilcd  lavorablc  use  ol’  a  .siniiliar  policy  reunrdinii 
siiicoidosis  in  KAT  atrerew  over  the  past  Id  years  (12). 

CHNCI.USIHN 

In  iMir  pioup  ol  XI  avia«ors.  1  aviator  was  iierimmenlly 
disqiialilicd  toriicurosiiteoid,  2  roi  pnlinonai  vcoinplicaUous. 
and  II  lor  iiiidin^s  snj*|!c.s(ivc  ol  mvocardial  mvolvenienl 
(tiivhydy.srhythtuiics  or  unnonnai  ihalliuin  senn).  ’niere  wjis 
one  death  uiirclutcd  to  sarcoido.si.s.  llie  natiiral  liistorv  of 
.surc'oidosi.s  in  our  uviuiors  i.s  imicli  nmic  tiivorablc  tliiin 
Mi^itcslcd  by  the  clinical  literaUiie. 
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SUMMARY 

The  USAF  aeroiiiedical  policy  regardiii;;  inci¬ 
dentally  discovered,  asymptomatic  cboleiilbia- 
sis  requires  the  aircrew  to  undergo  cbolecy.s- 
tectomy  prior  to  being  considered  I'or  return  to 
flying  duties.  The  merit  of  continuing  this 
USAF  policy  was  evaluated  at  the  reque.st  of 
the  USAF  Surgeon  General,  .h  review  of  the 
medical  literature  predicted  a  i‘?h  to  4%  annual 
event  rale  of  acute  cholecy.stitis  in  individuals 
with  previous  asymptomatic  cholelitl;ia;:is. 

The  prevalence  of  asymptomatic  cholelithiasis 
in  USAF  pilots  and  navigators  was  dctemiined 
to  be  2%  to  2%.  based  on  data  acquired  at  the 
lillingson  Aerospace  Medicine  Consultation 
Service  (ACS).  Of  I  I,fi85  pilots  and  naviga¬ 
tors  evaluated  at  the  ACS,  0.7%  (n  i-  80)  wcie 
diagno.sed  with  cholelithiasis  or  previous  cho¬ 
lecystectomy.  Between  1972  to  1992,  16.232 
man-years  of  pilot  and  navigator  exposure  to 
asymptomatic  cholelithiasis  was  estimated  to 
have  occurred;  however,  only  50  ca.ses  with  a 
diagnosis  of  cholecystectomy  or  cholelithiasis 
were  reponed  in  the  USAF  Surgeon  General 
waiver  file.  Mortality  and  morbidity  associat¬ 
ed  with  cl-  cystectomy  by  either  open  or 
laparoscopic  technique  were  repoiled  as  0.2% 
ami  5%,  respectively.  Using  1994  USAF  pilot 
and  navigator  manpower  data  and  the  worse 
case  scenaiio  of  a  0.7%  occurrence  for  the 
on.set  of  acute  symptoms  a.ssociated  with  previ¬ 
ously  asymptomatic  cholelithiasis,  up  to  five 
aircrew  would  be  expected  to  experience  acute 


symptomatology  at  some  lime  during  1994. 
However,  if  every  pilot  and  navigator  flew 
200  to  l.OOO  flying  hours  during  1994.  0.1 
to  0.6  individuals,  or  c.ssentially  none,  would 
be  predicted  to  experience  acute  symptoms 
related  to  gallstones  inflight.  The  natural 
history  of  cholelithiasis  in  USAF  pilots  and 
navigators  is  more  favorable  than  suggested 
by  the  clinical  literature.  The  inllight  risk  of 
experiencing  acute  symptoms  associated 
with  previously  a.symptomatic  cholelithiasis 
is  e.s.sentially  nonexistent  in  USAF  aircrew. 

JNTROBUCTION 

Infrequently,  USAF  aircrew  have  pre.sented 
with  asymptomatic  cholelithiasis  din  ing  inci¬ 
dental  diagno.stic  testing.  Historically,  the.se 
aviators  have  been  grounded  until  an  occu¬ 
pational  cholecystectomy  has  be-en  per¬ 
formed.  Grounding  was  ba.sed  on  a  per¬ 
ceived  exce.ssive  risk  for  developing  acute 
symptomatology  while  inflight.  Potential 
complications  included  severe  biliai''  colic, 
acute  cholecy.stiii.s,  acute  pancreatitis,  com¬ 
mon  duct  obstruction,  ascending  cholangitis, 
gallbladder  cancer,  and  gallstone  ileus.  Cho¬ 
lelithiasis  could  also  present  with  less  severe 
or  acute  symptoms  that  might  not  have  been 
suddenly  incapacitating,  but  could  effect 
mi.ssion  completion  and  readiness.  The  mer¬ 
it  of  continuing  the  USAF  policy  for 
grounding  aircrew  with  asymptomatic  cho- 
I.  lilhiasis  until  a  cholecystectomy  had  been 
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peifonned  wa.'i  evaluated  at  the  request  of  the 
USAF  Surgeon  General.  The  objeeiive.s  of 
this  study  v.'ere:  1)  to  detennine  the  long  tenn 
outcome  of  GSAF  pilots  and  navigators  who 
had  a.syinptomatic  cholelithiasi;;;  2)  to  deter¬ 
mine  the  prevalence  of  asymptomatic  choleli¬ 
thiasis  in  USAF  pilots  and  navigators;  and  3) 
to  evaluate  the  risk  associated  with  occupation¬ 
al  cholecystectomy  fur  asymptomatic  choleli¬ 
thiasis  versus  the  aeromedical  risk  for  tlying 
safety  and  mi.ssion  completion.  The  study  was 
retrospective,  and  the  setting  involved  all 
evaluees  who  had  had  evaluations  at  the 
Sllingson  Aero.space  Medicine  Consultation 
Service  (ACS)  at  Brooks  AFB,  T.  xas.  during 
the  period  lf)55  to  1992.  The  ACS  is  a  cen- 
trali/ed  USAF  referral  center  which  performs 
aeromedical  evaluations  for  aviators  to  detei- 
mine  their  fitness  for  flying  duties. 

METHODS 

The  methodology  used  included:  1)  a  medical 
literature  review  regarding  the  natural  history 
of  cholelithiasis  in  the  general  population;  2) 
a  review  of  the  ACS  data  file  from  1955 
through  1992  for  all  USAF  pilots  and  naviga¬ 
tors  who  were  evaluated  and  a.ssigned  a  diag¬ 
nosis  of  cholelithiasis  or  cholecystectoiviy;  3) 
a  review  of  the  USAF  Surgeon  General  air¬ 
crew  waiver  file  from  1972  through  1992  for 
all  USAF  pilots  and  navigators  who  were  as¬ 
signed  a  diagmisis  of  cholelithiasis,  cholecy.s- 
tectomy,  or  a  related  condition;  4)  USAF  pilot 
and  navigaU)!'  annual  manpower  data  were  ob¬ 
tained  from  the  USAF  Military  Fersonncl  Cen¬ 
ter  for  the  period  1972  through  1992  and  u.sed 
as  the  denominator  in  calculations  involving 
the  USAF  Surgeon  General  aircrew  waiver 
file;  5)  all  USAF  aii'crew  evaluated  at  the 
ACS  underwent  screening  KUB  abdomen  ra¬ 
diographs.  which  were  reviewed  for  presence 
of  radiopaque  gallstones  over  a  7-year  period 
from  198fi  through  1992;  and  6)  surgical  mor 
bidity  and  mortality  associated  with  the  thera¬ 
peutic  options  for  cholelithiasis  were  reviewed 
with  the  Division  of  Surgery  at  Wilford  Hall 
Medical  Center  (WHMC),  Lackland  AFB, 
Texas,  for  the  management  of  cholelithiasis. 


A  medical  litera'ure  review  of  the  natural 
hi.story  of  cholelithiasis  predicted  a  I  %  to 
4%  annual  event  rate  of  acute  symptomatol¬ 
ogy  a.ssociated  with  asymptomatic  gallstones 
in  the  adult  general  population  G-9).  Cor¬ 
relating  the  findings  of  the.se  studies  to  the 
USAF  pilot  and  navigator  population  was 
difficult  becau.'  of  the  age.  increa,sed  fe- 
male:male  ratio,  and  heterogeneity  of  the 
.study  populations.  The.se  studies  also  gener¬ 
ally  did  not  clearly  sepaiate  the  patients  with 
.severe,  acute  incapacitating  symptoms  from 
tho.se  with  more  slowly  progressive  .  ynip- 
toms.  lunally  .some  of  these  studies  reported 
on  both  patients  who  were  symptomatic  and 
a.syinptomatic  at  baseline  without  .separating 
the  two  groups  in  their  findings  (1.3).  Ran- 
sohoff,  et  al.  (0,7)  reviewed  the  above  stud¬ 
ies  and  several  othei's  to  arrive  al  the  recom¬ 
mendation  of  expectant  management  of 
asymptomatic  gallstones  btised  on  projected 
ri.sk  of  death  and  lo-ss  of  life  expectancy. 
They  concluded,  "expectant  management... 
applies  to  men  and  won  n  of  all  ages... 
until  a  perfectly  sate,  '  .ective.  convenient 
and  inexpcn.sive  treatment  is  developed." 
Po.ssiblc  exceptions  to  this  universal  rule 
apply  only  to  the  following  groups:  chil¬ 
dren,  New  World  Indians,  patients  with  cal¬ 
cified  gallbladders  on  radiographic  studies, 
patients  with  Sickle  Cell  Disease,  and  pa¬ 
tients  with  large  (greater  than  3  cm)  gall¬ 
stones  (7,8).  Children  were  reported  to  uni- 
vensally  become  symphnnaiic  (8).  New 
World  Indians  and  patients  with  large  stones 
or  calcifici'  gallbladders  are  reported  to  have 
an  increa.sed  incidence  of  gallbladder  cancer 
(7)  Patients  with  Sickle  Cell  Disea.se  have 
attacks  of  abdominal  pain  which  can  itiimic 
acute  cholecy.stitis  and  emergency  cholecys¬ 
tectomy  is  repttriedly  much  mine  dangerous 
than  an  elective  procedure  in  this  group  (8). 
Inlcre.stingly,  patients  with  diabetes  mellitus, 
traditionally  indicated  for  removal  of  asymp¬ 
tomatic  stones,  were  now  felt  candidates  for 
expectant  management.  This  change  '.vis 
due  to  their  higher  morbidity  and  moitality. 
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because  of  concomitant  medical  problems, 
during  even  elective  cholecystectomy  (K). 

From  an  aeroniedical  perspective  aircrew 
members  (unle.s.s  of  New  World  Indian  heii- 
tagel  probably  fall  within  the  universal  guide¬ 
lines  of  expectant  management  of  ii.symptomat- 
ic  cholelithiasis  becau.se  the  other  medical 
condi'ions  listed  above  .should  be  disqualifying 
for  Hying  duties. 

Gallstones  are  classified  into  two  principal 
types:  cholesterol  and  pigme-t.  Cholesterol 
gallstones  account  for  IV’h  of  gall-stones  foiiitd 
in  the  United  -States  of  America  (USA)  popiila 
tion  and  populations  of  European  descent. 
Greater  than  of  cholesterol  gall-stones  arc 
radiolucent.  Pigment  gallstones  account  for 
about  25'’/r  of  gallstones  and  are  compo.sed  of 
two  types.  The  black  pigniont  gallstones  usu¬ 
ally  are  as.sociated  with  old  age  or  individuals 
who  1  had  rapid  weight  loss  associated 
with  iii/iess.  The  brown  pigment  gallstones 
are  more  conimon  in  the  orient,  however,  the 
incidence  decrea.ses  witii  the  Westerni/ation  of 
culture  and  diet.  They  are  also  found  in  indi¬ 
viduals  who  have  had  an  infection  of  the  bili¬ 
ary  system.  Overall,  approximately  l.‘i‘/r  and 
20Vr  of  all  gallstones  are  radiopaque. 

The  prevalence  of  cholesterol  gallsUmes  in  the 
USA  general  population  ha.s  heen  reported  as 
high  as  l7Vh.  There  is  tip  to  a  ITl  female  to 
male  ratio  after  puberty  related  to  estrogen 
which  dimini.she.s  alter  menopause.  The  inci¬ 
dence  within  .some  populations  as  mentioned, 
such  as  American  Indians,  is  far  greater  than 
whites,  vvliosc  incidence  is  greater  than  black.s. 
witli  an  eslimaied  15%  of  American  Indian 
women  over  the  age  of  2.5  being  affected.  On 
autopsy  in  the  United  Slate.s,  20%  of  the  15- 
year-old  men  and  35%  of  75-year-okl  women 
were  found  to  have  gallstones  on  auiop.sy. 
Gallstones  tend  to  grow  for  the  first  two  so 
three  years,  at  which  point  growth  tends  to 
stabilize;  K5%  of  all  gallstones  are  le.ss  than  2 
cm  in  diameter  (9).  F.xisiing  data  indicate  that 
10%  of  patients  will  develop  symptoms  in  the 
finst  five  years  after  diagnosis  of  asymptomatic 


cholelithiasis  and  approximately  20%  by  20 
yeais.  Alino.st  all  patients  will  experience 
syniptom.s  for  a  period  of  time  befoi  e  they 
develop  a  complication  (9).  It  is  estimated 
that  3t)%  to  50%  of  population  who  have 
gall.stone.s  are  truly  a.syniptomatic.  The  oth¬ 
er  40%  to  65%  of  the  population  with  gall¬ 
stones,  however,  manifest  recurrent  symp¬ 
tom;-  of  chronic  cliolelithiasis  as  frequently 
as  daily  or  as  .seldom  as  once  every  few 
years.  The.se  previously  asymptomatic  peo¬ 
ple  were  not  identified  as  having  an  initial 
period  of  increa,sed  risk  or  an  identifiable 
"honeymoon  period." 

Of  the  .^.451  KUB  radiographs  taken  of  die 
abdomen  at  the  AC.S.  from  IbKb  through 
1992.  16  cases  of  radiopaque  gallstones 
were  found.  The  calculated  oecurrence  rate 
was  0.46%  (I6/.T45I  =  0.01)46).  Ba.sed  on 
the  literature  value  that  approximately  157r 
to  20%  of  gallsUmes  arc  radiopaque,  an  esti¬ 
mated  2%  to  3%  (0.0046/0.15  =  O.O.tl  and 
0.0046/0.2  =  002.'))  prevalence  of  gallstones 
within  the  USAF  pilot  and  navigator  popula¬ 
tion  was  derived. 

The  AC.S  data  file  for  die  37-yca;  period 
from  1955  through  August  1992  had  1 1.6S5 
pilots  and  navigators  legLsiered  The  age 
range  was  from  24  to  61  years,  the  mode 
was  43  years,  and  the  mean  was  42  years. 
71)ere  were  35  female  evaluees  represented; 
their  age  ranged  from  24  to  36  yeais;  the 
first  female  evaluation  occurred  in  19X0. 
Eighty  male  evaluee.s  had  been  diagno.sed 
with  either  cholelithiasis  or  cholecystectomy 
for  a  calculated  occurrence  of  (1.7'/r 
(KO/1 1,685  =  0.007). 

The  USAF  Surgeon  General  aircrew  waiver 
file  for  the  21-ycar  period  1972  through 
Augu.st  1992  had  50  cases  registered  who 
had  been  a-ssigned  the  diagnosis  of  chole- 
lithia.si.s,  cholecystectomy,  or  a  related  con¬ 
dition.  USAF  pilot  and  navigator  manpower 
data  from  the  USAF  Military  Personnel  Cen¬ 
ter  sliowed  that  during  that  period  the  num¬ 
ber  of  USAF  pilou  and  navigato:s  on  active 
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rangea  tniiii  in  1972  to  26.078  in 

1992,  the  me  at  numbei'  was  38,647  aircrew 
per  year.  A  total  of  81 1.389  man-year.s  of  cx- 
po.sure  to  all  conditions  occurred  during  the 
period  documented  by  the  waiver  file. 

Using  the  previously  calculated  2%  to  3%  pre¬ 
valence  detemiined  for  a.symptomatic  gall- 
stone.s  within  the  USAF  pilot  and  navigator 
population,  a  predicted  16.232  to  24. .348 
(81 1.. 389  X  (),()2  =4  16.232  and  81 1.589  x  0.03 
=  24.348)  man-year, s  of  exposure  to  gallstones 
would  have  occurred  during  the  period  1972 
through  1992.  However,  within  the  waiver  file 
only  30  ca.ses  had  been  reported  and  15  of 
the.se  cases  were  incidentally  detected  and 
reported  as  asymptomatic,  l-rom  the  general 
population  c.stimates  that  I7r  to  47r  of  people 
with  asymptomatic  gallstones  will  have  acute 
.symptoms  each  year.  162  to  974  (16.232  x 
0.01  =  162  and  24,348  x  0.04  =  974)  epi.sodes 
ot  acute  symptoms  would  have  been  predicted 
to  have  occurred  within  this  group  of  aircrew. 
This  suggests  that  symptomatic  eholelitliia.sis 
has  occurred  fur  less  fredueiuly  in  our  pilots 
and  navigators  then  the  general  medical  litera¬ 
ture  value  would  have  predicted.  The  annual 
occuireiiee  of  acute  symptoms  for  U.SAi-  pilots 
and  navigators  was  calculated  to  be  O.I'>  to 
0,2%  |o.g.,  33  aircrew  found  to  be  .symptomat¬ 
ic  or  who  had  undergone  cholecy.stcctomy  for 
presumed  symptoms  ticcurring  out  of  16.232 
(2%)  to  24.348  (37e)  man-years  of  exposure  to 
asymptomatic  gallstones  ~  (l.()()2  to  D.llOl  oc¬ 
cur  reiice,  respectively  |. 

Clinical  management  options  from  the  Divi- 
sitm  of  .Surgery  at  WllMC  were;  I)  Cliolecys- 
totomy.  which  only  retnoves  the  galistone(s) 
from  the  gallbladder.  Since  the  majority  of 
these  patients  would  have  a  recurrence  within 
five  years,  this  was  not  considered  an  appro¬ 
priate  procedure  for  aircrew.  2)  Open  chole¬ 
cystectomy.  which  had  in  tin  past  been  the 
gold  standard  for  the  treatment  tif  gallstones. 

It  is  curative  of  the  problem  since  it  removes 
the  gallbladder,  as  well  as  the  stone,  dltc  pro¬ 
cedure  is  a,ssoeiated  with  a  3-  to  3-day  lio.spital 
stay  and  four  weeks  of  post-operative 
pain/di.sability.  The  moifality  is  t>.2%  and 


morbidity  is  le.ss  than  .S'/a  for  the  procedure. 
3)  A  new  procedure,  first  performed  in 
1988.  is  the  laparoscopic  cholecystectomy 
which  again  is  curative  of  the  problem,  re¬ 
moving  gallstones  and  gallbladder.  Typical¬ 
ly  only  a  1-  to  2-day  hospital  slay  is  re- 
ijuired.  far  le.ss  post-operative  pain  is  felt 
and  a  return  to  duty  occurs  in  1-  to  2-weeiks 
as  compared  to  the  open  technique.  With 
both  procedures,  a  return  to  Hying  status 
occurs  in  typically  eight  weeks.  4)  Other 
therapeutic  options  such  as  dilutional  therapy 
and  lithotripsy  are  not  recommended  for 
aircrew  becau.se  of  their  highly  variable  re- 
.spon.se  accompanied  with  frequent  recur- 
lence  of  gallstones  (9). 

DISCUSSION 

LIsing  pilot  and  navigatoi  maninnver  data 
estimates  Idr  fiscal  year  1994.  22.273  pilots 
and  navigators  will  be  on  active  duty.  With 
a  2%  to  3%  prevalence  of  asymptomatic 
gallstones  occurring  in  the, sc  USAT  aircrew. 
446  to  668  of  them  would  be  expected  to 
have  asymptomatic  gallstones.  Of  these 
aircrew.  13%  to  20%  would  be  expected  to 
have  radiopaque  gallstones,  which  would 
leprc.scnt  67  to  134  aircrew.  With  ..  l).l‘7e  to 
0.7%'  per  annum  occurrence  of  oii.sel  of  se¬ 
vere  symptoms  in  aircrew  with  asymptomat¬ 
ic  gallstones.  0  to  3  aircrew  would  be  ex¬ 
pected  to  become  acutely  symploinalic,  If 
all  of  the  aircrew  weie  screened  using  ultra- 
.sonography  and  alter  a  hypothetical  maxi¬ 
mum  ol  6X8  ca.ses  had  been  ideniil'ied  an  oc¬ 
cupational  clK'lecystecioniy  were  performed. 
23  would  be  expected  to  have  complications 
and  one  would  be  expected  to  die  out  of  300 
surgical  ca.ses, 

■fhe  risk  of  a  U.SAF  pilot  tir  navigator  with 
a.symptomatic  cholelithiasis  ex[)eiiencing  an 
acute  oaset  of  gallstone-related  symptom¬ 
atology  intligln  is  estimated  to  be  consider¬ 
ably  le.s,s.  Again,  using  the  1994  aircrew 
manpower  data  and  the  worse  ca.se  of  a 
0.7%  oecuirence  for  the  onset  of  acute 
.symptoms  a.ssoeiated  with  previously  asymp- 
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tdiiiatiu  L'hiilolitliia.si.s,  Lip  ti)  five  aiivrevv  would 
be  expected  to  experience  acute  syiiiptoinati>lo- 
jzy  at  .some  time  during  I9d4.  However,  if 
every  aircrew  flew  and  wa.s  expo.sed  to  2(H)  to 
1,01)0  flying  hours  during  iy94  (figure  I).  0.1 
to  ().()  individuals,  or  at  rno.si  one,  would  be 
predicted  to  experience  acute  symptoms  related 
to  gallstoiic-.s  in  flight. 


■sentially  iionexiNtent  in  USAl'  aircrew,  llte 
.surgical  morbidity  and  mortality  ri.sk  i.s  grcatei 
than  the  flying  ,safety/mi.ssion  completion  ri.sk 
for  fi.SAI'  aircrew  with  a.symptoinatic  choleli- 
thiiLsis.  Considering  the  e.ssentially  nonexi.stent 
intlighl  ii.sk  and  the  comparably  .significant 
suigical  ri.sk.  occupational  cholecy.stectomy 
would  not  be  indicated  for  llSAb  pilot  and 
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Discussion 

Total  Force  Annual  Risk  of  Inflight 
Acute  Symptoms  Related  to  Cholelithiasis 
(1994  estimate) 
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22,275  pilots  and  navs  X  0.03  ■  608  estimated  at  risk 

668  X  8,760  hours/yeai  •  5,051.680  man-hours  pur  year 
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Figure  1  -  Predicted  Annual  Inflight  Episodes  Per 
Total  Annual  Flying  Hours  (1994) 


CONCMISION 

llte  natural  Iti.stoiy  of  clmlelitliia.se.s  in  U.SAl- 
pilot.s  and  navigators  i.s  more  favorable  than 
.suggested  by  clinical  literature,  'llte  predomi¬ 
nately  young  male  USAI'  airciew  population 
would  be  expected  to  ha"e  a  lower  picvaleuce 
ot  cholelithia.si,s  than  tlie  geneial  poiiulation. 

I  he  overall  incidence  of  acute  cholecy.stitis 
within  USAr  aircrew  would  probably  not  be 
changed  by  aeroiiiedical  cholecy.stectomy  be¬ 
ing  peiformed  on  incidentally  detected  asym- 
pioniatic  eholelithia.si.s.  The  inflight  ri.sk  of 
experiencing  acute  symptoms  associated  with 
previously  asympioniatie  cholelithiasis  i.s  es- 


navigaior  risk  modification  in  this  subset  of 
patients. 
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INTRODUCl’ION 

During  the  1980 's,  HIV 
infection  emerged  as  a  leading 
cause  of  death  all  over  the 
world. 

At  present,  WHO  estimates  that 
13  million  men,  women  and 
children  have  been  infected 
with  HIV.  Each  day,  an 
estimated  five  thousand  people 
are  newly  infected.  By  the  year 
2000  forty  million  people  may 
be  carrying  the  virus  (1). 
Obviously,  we  cannot  separate 
such  a  global  medical  problem 
from  the  context  of  the  flying 
community. 

From  an  aeromedical  point  of 
view  HIV  infection  presents 
multiple  concerns.  Perhaps  the 
most  important  aspect  is  the 
Neurological  Symdrome  ,  which 
can  cause  sudden 
incapacitation. 

A  variety  of  neurological 
complications  may  appear  at  any 
time  in  the  disease  process, 
affecting  7S  to  90%  of  HIV 
positive  individuals  (2). 
Perhaps  the  most  dreaded  and 
frightful  entity  is  the  "AIDS 
Dementia  Complex  (ADC)".  The 
initial  manifestations  of  ADC 
.ire  subtle  and  typical  of  a 
subcortical  dementia  with 
subacute  evolution.  It  is 
unusual  to  develop  ADC  during 
the  initial  stages  of  the 
disease,  as  it  seems  related  to 
the  loss  of  immunologic 


capability  manifested  by  the 
CD4  lynmphocyte  subset  being 
less  than  200  pi  (3). 

Individuals  with  such  a 
profound  immune  system  deficit 
will  not  be  flying,  making  the 
classically  described  ADC  a 
nonfactor  with  regards  to  the 
potential  of  adversely 
affecting  the  performance  of 
flying  duties. 

However  asymptomatic 
seropositive  individuals  might 
be  on  some  type  of  flying 
status  depending  on  a 
particular  Air  Force's  policy 
of  waiver  elegibiliry . 

Many  studies  have  been  done  in 
order  to  evaluate  any  kind  of 
cognitive  impairment  in 
otherwise  healthy  HIV  infected 
individuals.  The  current 
literature  was  summarized  by 
the  American  Academy  of 
Neurology,  who  concluded  that 
"at  present  there  is  no 
evidence  for  an  increase  of 
clinically  significant 
neuropsychiatric  abnormalities 
in  CDC  Group  II  or  Group  III 
HIV-1  seropositive  (i.e. 
otherwise  asymptomatic) 
individuals  as  compared  to  HIV- 
1  seronegative  controls"  (4). 


HIV  SCHEENIHG  AND  THE  AIRCREW. 

The  policy  of  other  nations 
(i.e.  USA)  of  mandatory  HIV 
antibody  testing  in  the 
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niilitary  is  based  on  the 
concern  about  world  wide 
deployment  with  limited  medical 
resources,  use  of  a  attenuated 
live  virus  inmunizations ,  and 
the  concept  of  the  walking 
blood  bank  ( 5 ) . 

Before  the  policy  of  universal 
screening  can  be  implemented, 
some  important  points  must  be 
addressed : 

1.  It  is  important  to 
distinguish  screening  an 
asymptomatic,  low  risk 
population  from  diagnostic  HIV 
testing  in  symptomatic  patients 
who  may  have  AIDS  or  screening 
members  of  high  risk  groups .  In 
low  prevalence  areas  a 
substantial  proportion  of 
positive  tests  will  be  falsely 
positive.  The  joint  false 
positive  rate  of  the  ELISA  and 
the  Western  blot  tests  when 
performed  in  series  has  been 
estimated  to  be  as  high  as 
1/1250.  It  is  imposible  to 
estimate  the  economic  and 
social  impact  of  erroneously 
informing  patients  that  they 
have  antibodies  against  HIV. 
Two  confirmatory  Western  blot 
tests,  rather  than  one,  and 
rigorous  quality  control 
measures  in  the  laboratory  will 
reduce  this  figure  to  an 
acceptable  l/lJblB?  (6). 

2.  A  comprehensive  program  of 
medical  and  social  support  for 
invididuals  confirmed  to  be  HIV 
positive  must  be  established 
before  the  mandatory  tv^sting 
should  be  undertaken.  This  way 
physicians  and  their  test  will 
not  appear  as  merely  "Hunters" 
of  the  seropositive. 


.SEROPOSITIVE  CANDIUATES/FLYERS 

1.  Policy  of  the  Spanish  Air 


Force  (SAF)  is  to  test  all 
candidates  for  aircrew  duties 
and  any  other  personnel  that 
could  be  included  in  the  risk 
population  once  interviewed 
through  their  physical  exam. 

2.  Every  candidate  for  aircrew 
duties  confirmed  HIV  positive 
is  rejected. 

3.  If  an  aircrewmember  is 
confirmed  HIV  positive  in  a 
periodic  physical  examination, 
the  aeromedical  disposition  is 
to  ground  the  flyer  and  to 
start  the  necessary  studies  in 
order  to  assess  the  actual 
state  of  disease  progression. 
Evaluation  includes  complete 
medical  history,  full  physical 
exam,  a  CBC,  biochemistry, 
urinalysis.  Chest  X  Ray, 
Mantoux  (5  PPD),  Hepatitis  B  & 
C,  Syphilis,  Toxoplasma  and 
Leishmania  serologies,  CD4  and 
CD8  (absolute  and  percentage 
values),  cutaneous  immunity 
test,  P24  Antigen,  anti  -env, 
anti  gag  antibodies  test. 

4.  We  consider  that  there  is  no 
discussion  when  the  subject  is 
symptomatic  or  when  the 
surrogate  markers  of 
progression  of  the  disease 
indicate  that  some  form  of 
treatment  is  needed.  Those 
individuals  with  any  signs  of 
advance  in  the  disease  process 
are  uniformly  and  permanently 
grounded.  However  the 
aeromedical  disposition  is 
under  full  discussion  when  the 
subject  is  asymptomatic  and 
CD4>500  pi. 

5.  In  the  context  of  the  SAF, 
our  opinion  is  that  close 
follow-up,  including 
neuropsychological  assesment, 
necessary  imaging  techniques 
and  evaluation  of  the  surrogate 
markers  every  three  to  six 
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months  will  allow  us;  to 
maintain  the  certification  of 
asymptomatic  HIV  positive 
indiviciuals  \7ith  specific 
restrictions  considered  on 
a"case  by  case"  basis. 


CONCLUSIONS 

There  has  been  appropa,ate 
concern  regarding  HIV  infection 
and  its  effect  on  svi.ation 
safety.  Among  reasons  cited  is 
the  consideration  that  the 
nervous  system  is  involved 
eaj.ly  in  HiV  infection  and  that 
dementia  in  its  early  stages 
may  be  subtle  and  difficult  to 
detect,  on  opinion  not 
currently  supported  hv  the 
medical  litei'ature. 

Others  have  felt  that 
seropositivity  alone  did  not 
constitute  an  unacceptable  risk 
to  aviation  safety,  suggesting 
that  other  criteria  be  used, 
such  as  the  development  of  AIDS 
related  symptoms,  or  laboratory 
abnormalities,  prior  to 
grounding  a  flyer. 

Discussion  and  controversy  will 
continue  in  this  area  untill 
specific  studies  of 
asymptomatic  seropositive 
individuals'  performance  in 
real  and  simulated  flying 
environments  are  carried  out  by 
the  aeromedical  cotmuunity .  As 
the  prevalence  of  this  disease 
continous  to  grow  exponentialy 
in  the  general  population  the 


answers  to  this  questions  will 
become  increasingly  more 
important. 
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SOMUARY 

Visual  information  provided  to 
the  modern  military  aircrew  mem¬ 
ber  accounts  for  the  preponder¬ 
ance  of  data  contributing  to 
situational  awareness.  Although 
long  recognized  as  a  critical 
factor  in  aviation,  as  a  result 
of  advancing  technological 
developments,  color  vision  is 
emerging  as  an  ever-increasing 
critical  recjuirement  in  modern 
and  future  cockpits.  Despite 
that  premise,  the  modern  battle¬ 
field  is  characterized  by  a  vast 
array  of  technological  weaponry 
that  increases  the  threat  to 
tlie  visual  system  and  dictates 
effective  countermeasures  that 
compromise  visual  performance 
in  general  and  color  perception 
in  specific.  This  paper  will 
review  the  aeromedical  basis  of 
color  testing  developments  and 
issues  that  effect  aeromedical 
decisions  in  color  stai\dards  and 
performance  as  they  relate  to 
the  modern  military  aircrew 
member.  It  will  include  an 
update  on  color  vision  issues 
raised  by  protective  equipment 
such  as  selective  waveband 
filters  that  include  sunglass 
materials  and  laser  protective 
eyewear /visors .  Color -related 
aircraft  accident  issues  will 
be  addressed. 

LIST  OF  ACRONYMS 

LEP  laser  eye  protection 

SAM  School  of  Aerospace 

Medicine 

AO  American  Optical 

PIP  Pseudoisochromatic 

plates 


FM  Farnswor th-Munsell 

CTT  color  threshold  tester 

FALANT  Farnsworth  Lantern 

R/G  red/green 

B/Y  blue/yellow 

VASI  Visual  Approach  Slope 

Indicator 

FLIT  fighter  lead-in 

training 

USAF  United  Stated  Air  Force 

UPT  undergraduate  pilot 

training 

I .  INTRODUCTION 

The  modern  conUaat  arena  is  a 
multifaceted  sophisticated 
techno-  extravaganza .  Scien¬ 
tific  development  of  complex 
weapon  systems  has  advanced 
almost  exponentially.  These 
lethal  gizmos  produce  a 
kaleidoscopic  uni.verse  of 
electronic  synUaology  and 
information,  primarily  focused 
at  the  liuman  element  cradled 
within  the  system.  Laser 
technology  exploits  suscepti¬ 
bilities  of  that  human  system. 
Defensive  mechanisms,  selected 
to  protect  and  optimize  tlie 
human  interface  use  selective 
waveband  filters,  themselves 
inducing  additional  vi,sual 
handicaps.  The  modern  cockpit 
has  evolved  into  a  montage  of 
colored  symbology  and  cues  pre¬ 
sented  ill  a  visual  blitzkrieg 
under  task-saturated  and  hos¬ 
tile  conditions.  At  no  other 
time  in  the  history  of  aviation 
has  any  facet  of  the  visual 
system  been  more  challenged 
than  color  discrimination  is 
today.  Engineers  design  multi¬ 
colored  displays  hoping  to 
facilitate  information  transfer 
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between  the  aircraft  and  its 
master,  but  often  paradoxically 
exceed  physiological  realities. 
The  stakes  anu  indeed,  high; 
survivability  and  mission 
completeness  essential,  politi¬ 
cal  sensitivitie.s ,  keen. 

This  paper  addresses  relevant 
color  issues  in  the  modern  cock¬ 
pit  enviroiiment  of  today  and 
tomorrow.  Can  we  continue  to 
expect  pilots  harvested  from  the 
normal  population  to  visually 
cope,  survive,  and  oi^timally 
couple  v/ith  weapon  systems  that 
rely  so  heavily  on  color-based 
cues  and  whicli  are  then  para¬ 
doxically  degraded  further  by 
virtue  of  required  protective 
equipment?  One  question  emerges 
that  impacts  on  .aeromodical 
decision-makincj  today  and  in  tlie 
future:  Does  "Suijerconoman" 

exist,  do  wc  need  him,  and 
should  we,  as  aeromedicai 
consultants,  embark  on  a  journey 
in  search  of  an  "Abominable 
Coneman" ? 

It  is  appropri.ate  to  review  the 
historical  role  of  color  vision 
in  aviation  and  the  selection 
standards  that  for  75  years  have 
governed  our  approach  to  avia¬ 
tion  color  vision  issues. 

II.  HISTORY  OF  COLOR  VISION 
STAfIDARDS  IN  THE  U.S.  AIR  FORCE 

We  begin  by  recalling  a  p-'ro- 
found  historical  statement: 

"The  proper  recognition  of  color 
piay.s  an  import:=int  part  in  the 
success  of  all  flyer.s,  un  tne 
maps  generally  used  by  obser¬ 
vers,  the  woods  are  green, 
rivers  are  blue,  roads  aio  yel 
low,  railroads  are  black,  and 
towns  are  brown.  Skyrockets 
with  a  parachute  are  white,  red 
and  green,  and  cartridges--wiuh 
and  without  parachutes--are  of 
similar  colors.  Bengal  flares, 
which  are  used  in  woods  and 
heavy  underbrush,  are  red  and 
white.  Aerodromes  use  red  and 
green  or  white  lights  for  home¬ 


coming  planes,  while  the  x^lanes 
carry  a  red  light  on  the  port 
side  and  green  light  on  the 
starboard  side."  This  descrip¬ 
tion  is  part  of  a  paragraph 
taken  from  Aviation  Medicine  in 
the  A .  E ■  F . ,  from  the  chapter 
“The  Eye  in  Aviation" ,  written 
in  1919  by  Col  W.  H.  Wilmer  and 
Maj  Conrad  Behrens  (1) .  it 
contains  much  that  is  still 
import. ;nt  in  flying  aircraft 
today.  During  WW  I,  medical 
examiners  felt  that  color 
vision  testing  was  an  important 
part  of  the  physical  exami¬ 
nation  of  applicants  for  the 
aviation  section  of  the  Signal 
Corps.  Testing  Cor  color  defi¬ 
ciencies  was  done  by  the 
Jennings  Self-Recording  Color 
Test.  Instructions  were  given 
that  stated  that  if  a  Jennings 
test  was  not  available,  the 
medical  officer  sliould  select  a 
skein  of  any  shade  of  red  cr 
green  worsted  and  have  the  can¬ 
didate  select  in  separate  piles 
all  skeins  containing  red  or 
green.  If  confusion  was  still 
present,  colored  lights  at  20 
feet  should  be  used  as  a  test 
before  rejecting  a  candidate 
(2).  It  is  evident  that,  even 
at  the  very  onset,  there  were 
color  vision  testing  problems. 
Between  WW  I  and  the  onset  of 
WW  II,  the  SAM  Department  of 
Ophthalmology  at  Randolph 
Field.  Texas,  carried  out  a 
.series  of  tests  to  detect  color 
blindness .  Experimentation  was 
carried  on  with  Holmgren 
skein.s,  the  Jennings  Self- 
Recording  Test,  Stillings'  PIP 
and  Williams'  Lantern  Test.  It 
was  recommended  in  1935  that 
the  Ishihara  Test  be  adopted 
for  color  vision  testing  of 
aviation  candidates  (3) .  When 
the  Ishihara  test  was  first 
included  in  the  examination, 
those  who  failed  were  rejected, 
but  by  1940,  several  other 
tests,  such  as  the  Stillings' 
PIP,  Holmgren  yarn  matching  and 
lantern  tests,  were  also  used 
to  examine  the  extent  of  color 


blindiiess  (4)  •  The  authorized 
tests  for  central  color  vision 
in  1941  were  the  Isliihara  or 
Stillings'  PIP  and  Holmgren 
skein  of  yarn. 

During  WW  II,  a  large  number  of 
studies  on  color  vision  were 
performed  at  the  Army  Air  Corps 
SAM  at  Randolph  Field.  Most  of 
these  were  accomplished  under 
the  direction  of  Louise  L. 

Sloan,  Ph.D.  At  the  time  these 
studies  were  initiated  in  1942, 
four  tests  of  color  vision  were 
authorized  for  use  by  the  U.S. 
Army  Air  Corps .  There  were  two 
basic  cests--the  Ishihara  PIP 
(8th  ed.)  and  the  AO  PIP--~and 
two  adjunct  tests--the  Holmgren 
wool  test  and  SAM  lantern  test . 
Ab: lity  to  pass  the  adjunct 
tests  was  used  to  qualify 
candidates  as  "color  safe"  under 
certain  conditions.  Regulations 
were  rather  vague;  consequently, 
it  was  left  to  tl  individual 
examiner  to  select  a  testing 
device  and  method  of  scoring  to 
distinguish  between  those  who 
did  and  did  not  meet  this  cri¬ 
terion.  Between  1942  and  1945, 
numerous  tests  were  investigated 
at  Randolph  Field,  such  as  the 
AO  PIP,  Rabkin  polychromatic 
plates,  SAM  anomaloscope,  Rand 
anomalo.sc'ope  (Bausch  and  Lomb) , 
Intrasociety  Color  Console 
(ISCC),  Single  Judgment  Test, 
Eastman  Hue  Discrimination  Test, 
FM  100- Hue  Test,  Terrain  Test, 
and  Peckman  Vision  Test.  Also, 
a  major  effort  was  put  forth  in 
testing  a  number  of  lanterns; 
the  Canadian  Lantern  and  SAM  CTT 
were  the  major  efforts.  The  sum 
of  these  investigations  was 
that,  in  1943,  the  AO  Abridged 
Set  of  PIP  was  selected  as  the 
most  suitable  basic  test.  Tliis 
abridged  version  was  composed  of 
17  tests  and  2  demonstration 
plates.  Of  the  quantitative 
tests  investigated,  tlie  SAM  CTT 
was  rated  the  most  satisfactory 
to  classify  flying  persoimel 
(5).  These  tests  continued  when 
the  USAF  became  a  separate 


service  in  1947  and  culminated 
in  the  assembling  of  the  AO  is¬ 
olate  Test  {14  test  plates  and 
1  demonstration  plate)  in  1951. 
This  set  was  adopted  in  1953  as 
the  USAF  official  color  vision 
screening  test.  It's  still 
used  today  except  that  in  1985, 
the  AO  plates  were  purchased  by 
the  Riclimond  Company  and  are 
now  kJiown  as  Riclimond  plates . 
Dvorine  color  plates  could  also 
be  used  in  place  of  the  AO 
plates.  The  Dvorine  plates 
were  printed  in  two  volumes  in 
1944.  The  second  edition, 
published  in  1953  under  the 
title  “Dvorine  Pseudoisochro- 
matic  Plates",  also  had  14 
diagnostic  plates  and  1  demon¬ 
stration  plate.  These  plates 
are  still  used;  however,  they 
are  no  longer  being  manufac¬ 
tured  (6) .  Today  the  only 
testing  charts  are  the  RicLnond 
PIP . 

From  1959  tlirough  1984,  the  AO 
and  Dvorine  15-Plate  Tests  wore 
used  interchangeably  and  were 
the  first  tests  administered 
for  aviation  candidates.  The 
causes  for  rejection  wex'e  5  or 
more  incorrect  responses  on 
either  set  of  plates.  However, 
a  test  failure  using  the  plates 
required  testing  by  the  SAM 
CTT.  The  CTT  had  C4  presenta¬ 
tions;  a  score  of  50  or  better 
was  passing  (7) .  The  USAF 
followed  the  example  of  the 
U.S.  Navy,  allowing  mildly 
color-defectives  to  enter 
flying  training.  The  U.S.  Navy 
had  used  the  FAL.ANT  to  accom- 
Ijlish  the  same  thing. 

In  1988,  the  SAM  CTT  was 
removed  from  the  inventory  and 
the  FALANT  v/as  sub.stituted  for 
the  CTT.  An  aviation  candidate 
who  fails  the  Riclunond  PIP  may 
.still  qualify  if  he  passes  the 
FALANT.  Table  1  shows  a 
chronological  listing  of  the 
color  vis.ion  qualifying  tests 
used  by  the  U.S.  Army  Air  Corps 
and  the  USAF  (8) . 
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DATE 

TESTS 

1918 

Jennings'  Self-Recording 
Color  Test 

1933 

Ishihara  PIP 

1941 

Ishihara  or  Stillings' 
PIP 

1942 

Ishihara-AO  PIP 

1943 

AO  PIP  test  (17  test 
plates,  2  demonstration 
plates)  SAM  CTT  (quanti¬ 
tative  test  developed) 

1953 

AO  Isocliromat ic  Plate 
Test  (14  test  plates, 

1  demonstration  plate) 

1959 

Dvorine  PIP  ( 14  test 
plates,  1  demonstration 
plate ) 

1959-84 

AO  and  Dvorine  for 
*FC  I  and  lA  -  SAM  CTT 
if  plates  failed 

1985 

Richmond  plates 
replaced  AO  PIP  for 

FC  I  and  lA 

1988 

SAM  CTT  replaced  by 
FALANT;  passing  tlie 
FALANT  after  PIP 
failure  qua.l  Lfies  tor 

FC  I,  lA  and  11 

*FC  I  cind  lA  pilot  (I)  and 
navigator  (lA)  applicants 

Thus,  this  testing  methodology 
is  designed  to  allow  all  tri¬ 
chromats  and  mild  anomalous 
trichromats  (R/Gl  to  tly.  More 
severe  anomalous  trichromats 
(R/G)  and  dichromats  are  not 
allowed  to  fly.  B/Y  assessment 
is  not  performed.  Can  we  con¬ 
tinue  to  support  existing  stand¬ 
ards,  or  has  the  time  come  for 
us  to  employ  a  more  rigid 
approach  to  reduce  the  impact  of 
color  vision  deficits  in  future 
aviators?  A  review  of  modern- 
era  military  and  civilian 
aircraft  operations  reveals  that 
there  have  been,  and  continues 
to  be,  color-related  factors 
that  aggravate,  compromise,  and 
complicate  flight  operations. 

In  some  cases,  aircraft  have 
been  lost .  Surprisingly,  these 
incident.s  have  been  few.  It  is 
highly  probable  that  current 
color-screening  methods  have 
been  as  effective  as  antici¬ 


pated,  or  perhap.s  color  vision 
i.s  not  as  critical  as  thought. 
Can  these  same  screening 
methodologies  continue  to 
ensure  the  safety  of  our 
aircrews  and  mission  completion 
in  a  color-complicated  future? 
Also,  there  remain  considerable 
unknowns  with  respect  to  causa¬ 
tive  factors  of  aircraft  acci¬ 
dents  and,  in  the  case  of  ret¬ 
rospective  database  searches, 
often  there  is  no  stipulation 
that  specifically  requires 
color -vis ion-related  data 
storage  (USAF) .  We  would  like 
to  present  examples  where  color 
deficiencies  are  known  to  have 
played  a  significant  role, 
either  in  task  complication,  a 
near  mishap,  or  an  aircraft 
accident,  each  provoking  a 
different  thought  regarding 
current  policy. 

Examples 

1.  A  24-yoar-old  A-10  pilot 
with  3b0  total  flying  hours  was 
grounded  without  waiver  after 
evaluation  revealed  the  follow¬ 
ing  data.  He  tailed  the  FALANT 
but  passed  the  CTT  on  initial 
entry  physical  exam  at  the  Air 
Force  Academy  lAFA)  .  On  tvjo 
reevaluations  at  the  examinee's 
request,  he  failed  the  CTT.  He 
failed  the  PIP  (4/14  correct) 
and  FALANT  on  2  of  3  trials 
during  his  commissioning  physi¬ 
cal  exam  prior  to  graduating 
from  the  AFA.  However,  records 
indicated  that  he  was  cjualified 
for  and  entered  UPT,  The  pilot 
repoiLed  that  during  UPT  he 
could  never  use  the  VASI  lights 
on  landing  approach  because  he 
could  not  discriminate  between 
the  different  color  presenta - 
tioji.s  (red/reri  =  gli deslope  too 
low;  white/white  =  glideslope 
too  high;  red/white  =  correct 
glideslope.  Otherwise,  neither 
he  nor  his  instructor.?  reported 
any  difficulties  during  UPT. 

He  went  on  to  FLIT  and  flew  the 
T-38.  On  one  flight,  a  group 
of  tan-colo.red  coyotes  crossing 


the  ruiiway  were  unobserved  by 
the  pilot  and  his  instructor 
pilot  took  the  aircraft  controls 
to  avoid  striking  the  animals . 
The  pilot  completed  FLIT  with  no 
otlier  difficulties.  He  then 
began  training  in  the  A-10. 

From  the  beginning  of  training, 
he  noted  difficulty  identifying 
other  green-colored  A-lOs  flying 
at  low  level  over  green  terrain. 
Ke  also  reported  having  diffi¬ 
culty  with  crossover  turns, 
night  refueling,  rejoins  in 
close  formation,  low-level 
formation  flying,  and  night 
flying,  and  continued  difficulty 
with  the  VASI  light  system.  He 
reported  that  he  was  uncertain 
whether  his  perceived  difficul¬ 
ties  were  a  result  of  his  color 
deficit  or  were  normal  problems 
experienced  by  most  pilots. 

Afte;  reporting  to  his  first 
A-10  squadron,  his  concerns  led 
him  to  the  flight  surgeon, 
stating  that  he  felt  he  was 
endangering  himself  and  others 
while  flying.  He  failed  both 
the  PIP  and  FALANT  color  tests . 
Extensive  evaluation  found 
severe  protanopia,  i,resumably 
congenital;  however,  a  progres¬ 
sive  cone  dystrophy  could  not  be 
ruled  out  at  that  time.  Subse¬ 
quent  retesting  has  been  stable 
to  date,  but  he  was  permanently 
grounded  because  of  safety 
concerns . 

2.  A  45-year-old  navigator/EWO 
with  3,500  flying  hours  was 
diagnosed  with  adult-onset 
foveomacular  vitelliform 
dystrophy.  This  defect  began 
much  earlier  in  life,  but  wasn't 
uncovered  until  he  developed  a 
loss  of  visual  acuity  O.D. 
because  color  plates  and  FALANT 
did  not  identify  his  acquired 
B/y  defect.  A  thorough  evalua¬ 
tion  revealed  a  moderate  tritan 
(B/V)  color  defect,  most  likely 
associated  with  the  foveomacular 
vitelliform  dystrophy.  Since 
current  screening  tests  only 
detect  R/G  defects,  the  EWO  was 
able  to  pass  the  current 


standard  PIP  and  FALANT  tests. 
His  defect  was  regarded  to  be 
operationally  significant, 
however,  because  current  color- 
enhanced  radar  uses  B,^Y 
symbology . 

3.  An  F-4  pilot  was  performing 
clear-weather,  night  touch-and- 
go's  during  airfield  aircraft 
carrier  landing  practice  prior 
to  transitioning  to  carrier 
duty.  Two  other  aircraft  were 
in  a  2-ship  formation  in  an 
authorized  pattern  above  the 
airfield  and  operating  on  a 
different  radio  frequency  than 
the  F-4  pilot,  as  was  custom¬ 
ary.  The  F-4  pilot  was  depart¬ 
ing  from  the  airfield  when  he 
observed  diverging  aircraft 
wingtip  lights .  He  believed 
the  lights  to  be  from  one  air¬ 
craft  instead  of  two  and,  since 
they  were  diverging,  he  per¬ 
ceived  the  aircraft  to  be  on  a 
collision  vector.  He  responded 
by  cutting  back  power  to  avoid 
a  perceived  impending  colli¬ 
sion,  resulting  in  an  unrecov¬ 
erable  stall .  Both  crewmembers 
safely  ejected;  the  F-4  was 
destroyed.  The  investigation 
board  determined  that  the  F-4 
pilot  was  never  in  danger  of  a 
collision  and  that  the  other 
aircraft  were  properly  posi¬ 
tioned  and  not  at  fault.  The 
mishap  pilot  admitted  that  he 
had  a  longstanding  color  vi.sion 
deficit  and  was  never  able  to 
discriminate  between  the 
different  colored  lights  on 
aircraft  wingtips!  He  had 
failed  the  FALANT  on  initial 
flight  physical  exam,  but 
"passed"  on  retesting.  He 
stated  that  he  was  able  to  pass 
the  color  tests  only  by  cheat¬ 
ing.  Following  the  mishap,  he 
failed  the  FALANT  test.  After 
further  evaluation,  he  was 
found  to  have  a  congenital 
deuteranomalous  defect.  The 
investigation  board  determined 
that  his  color  vi,sion  deficit 
was  a  contributing  factor 
because  he  could  not  discrimi- 


29  6 


nate  between  different  colored 
wingtip  lights,  leading  to  the 
misperception  that  there  was  one 
aircraft  on  a  collision  course 
in  the  night  sky  instead  of  two 
separating  aircraft  in  a  normal 
approach  pattern. 

Current  color  screening  method¬ 
ology  is  primarily  based  on  the 
historical  requirement  of  red/ 
green/white  discrimination  with¬ 
in  a  male  population  and,  to  a 
degree,  is  based  on  incomplete 
and  faultily-derived  informa¬ 
tion.  Retesting  for  R/G 
deficiencies  at  increasingly 
infrequent  intervals — or  at 
all--does  not  incorporate  the 
capability  to  survey  for 
acquired  color  deficiencies. 
Infrequent  monitoring  for 
change,  as  well  as  creative 
testing  techniques  (often  with 
the  direct  help  of  a  sympathetic 
test  examiner  or  "color  assis¬ 
tant"  who  may  indirectly  be 
coaxed  to  provide  additional 
hints),  contributes  to  a  less 
than  perfect  color  screening 
methodology.  Similarly,  initial 
testing  results,  obtained  once, 
are  often  historically 
referenced  in  an  aviator's 
record  without  retesting  or 
considering  acquired  change. 

Screening  efforts,  therefore, 
have  been  directed  toward 
identifying  those  individuals 
who  would  be  unable  to 
differentiate  operationally 
between  red,  green  and  white 
lights.  The  incidence  of  sex- 
linked  congenital  defects  in  the 
male  population  has  been 
assessed  at  8-9%.  This  figure 
can  be  further  broken  down  into 
deuteranomaly  at  5-6%  (green- 
cone-weak  anomalous  trichromat) ; 
protanomaly  at  1%  (red-cone-weak 
anomalous  trichromat) ;  deuteran- 
opia  at  1%  (green-cone-absent 
dichromat) ;  and  protanopia  at  1% 
(red-cone-absent  dichromat). 

The  incidence  in  the  female 
population  is  not  as  well 
established  but  is  estimated  to 


be  almost  0.1-0. 3%.  Color 
performance  in  females  has  been 
grossly  overlooked  because  of 
the  inherent  and  disproportion¬ 
ate  nature  of  the  sex- linked 
association  in  male.s,  the 
primary  aircrew  pool  in  the 
past.  The  incidence  of  B/Y  or 
tritan  defects  is  regarded  to 
be  quite  low,  in  the  range  of 
0.002-.007%  of  males.  The 
exact  incidence  of  B/Y  defects 
within  the  male  population  is 
unlcnown  and  should  be  regarded 
falsely  low  for  a  variety  of 
reasons,  including  the  fact 
that  B/Y  defects  are  not 
routinely  screened  for  by 
common  color  screening  tests. 
Even  the  fundamental  research 
by  W.  E.  Wright,  who  screened 
for  B/Y  defects  via  a  B/Y  test 
plate  produced  in  LIFE  magazine 
(British)  in  1970,  was  wrought 
with  considerable  underreport¬ 
ing  biases  .  Even  less  is  'known 
about  B/Y  defects  in  females 
The  sex- I  Inked  nature  of  B/Y 
defects  has  not  been  estab¬ 
lished,  appearing  to  be  a  more 
autosomal  deficit,  and  there¬ 
fore  as  likely  to  express  it¬ 
self  in  the  female  population 
as  in  the  male . 

Acquired  color  vision  deficits 
can  be  produced  by  a  number  of 
pathophysiological  mechanisms. 
These  include  primary  retinal 
diseases  such  as  idiopathic 
centjral  serous  chorioretinop¬ 
athy,  retinitis  pigmentosa, 
hereditary  and  acquired  macu- 
lopathies,  glaucoma,  optic  neu¬ 
ritis,  toxic  forms  and  drug- 
induced  forms.  For  example, 
antimalarials  have  been  linked 
to  acquired  color  vision 
defects.  The  onset  of  acquired 
defects  is  not  always  preceded 
by  a  decrease  in  visual  acuity 
or  other  performance  decrement 
that  would  alert  either  the 
aircrew  member  or  the  flight 
surgeon.  These  differences  can 
be  used  clinically  to  help 
ascertain  the  potential 
etiology  of  a  color  vision 


defect,  especially  in  the 
absence  of  historical  test 
scores . 

Table  2  summarizes  the  charac¬ 
teristics  of  congenital  versus 
acquired  color  vision  defects. 

TABLE  2 . 

CONGENITAL  DEFECTS 

Color  loss  in  specific  spectral 
region 

Less  marked  dependence  of  CV*  on 
target  size  and  illuminance 

Characteristic  results  obtained 
on  various  clinical  CV  tests 

Many  object  colors  are  named 
correctly  or  predictable  errors 
are  made 

Both  eyes  equally  affected 

Usually  no  other  visual 
complaint 

Defect  is  stable 

*CV  ”  color  vision 


It  is  particularly  relevant 
aeromedically  to  realize  that 
current  selective  waveband 
filters,  ranging  from  the  high- 
contrast  yellow  vis  r  to  the 
more  deeply  pigraent^-d  dye  for¬ 
mulations  used  in  LEP  devices, 
ironically  induce  complex  color 
vision  deficits  in  color-normal 
individuals  that  closely  paral¬ 
lel  acquired  defects  such  as  are 
seen  in  ocular  or  optic  nerve 
disease.  These  devices  induce 
complex  and  profound  R/G  and  B/T 
color  deficits  in  known  color- 
normals,  but  are  unpredictable 
and  have  as  yet  undeterm.ined 
impact  on  color-weak  or  frankly 
col or- abnormal  aircrew.  When 
you  overlay  significant  induced 
color  loss  with  full  visual 
spectral  electronic  displays. 


in  the  absence  of  any  color-neu¬ 
tral,  "see  it  no  matter  what" 
design  redundancies, 
you  have  created  a  potential 
formula  for  disaster  in  color- 
normals  and  almost  certainly 
in  color-abnormals . 


ACQUIRED  DEFECTS 

Often  no  clear-cut  area  of 
discrimination  loss 

Marked  dependence  of  CV  on  tar¬ 
get  size  and  illuminance 

Conflicting  or  variable  results 
on  clinical  CV  tests 

Some  object  colors  are  named 
incorrectly 


Eyes  affected  asymmetrically 

May  have  decrea'^cd  acuity  and 
field  loss 

Defect  is  labile,  with  progres¬ 
sion  and  regression 


At  least  one  midair  collision 
between  aircraft  engaged  in 
air-to-air  training  was  attri¬ 
buted  to  factors  induced  by  a 
combination  of  yellow  visor  and 
green  sunglasses  worn  by  the 
attacking  pilot. 

III.  COLOR  TESTS  AND  METHOD¬ 
OLOGY 

R/G  Testing,  CoiTimon  test  de¬ 
vices  and  methodology  fall  into 
four  basic  categories:  plate, 
arrangement,  lantern,  and 
anomaloscopic  tests. 

Plate  tests  depend  on 
confusion  lines  to  elicit  their 
effects.  They  require  the 
proper  color  temperature 
illuroinant;  otherwise,  the 
basic  design  premise  of  the 


test  is  invalidated  and  the 
results  become  erroneous .  The 
PIP  rely  on  identification  of  a 
colored  symbol  etribedded  in  a 
color-confusion  or  gray  back¬ 
ground;  the  background  and 
symbol  are  composed  of  confusion 
colors  that  appear  clearly  to 
color-normals  but  seem  identical 
(confused)  to  color-defectives. 
These  screening  tests  identify 
those  individuals  with  congeni¬ 
tal  R/G  color  defects  and  are 
based  either  on  theoretical 
properties  of  the  color  vision 
system.,  or  on  statistical  data 
about  confusion  colors  from 
known  color-defectives.  Pro- 
tanopes  confuse  certain  greens 
with  reds,  and  deuteranopes  con¬ 
fuse  other  greens  with  purple. 
Examples  of  such  tests  are  the 
Ishihara,  Dvorine,  AO,  Richmond, 
AO  Hardy-Rand-Rittler ,  and  Tokyo 
Medical  College.  Advantages  of 
these  tescs  are  they  are  simple, 
easy  to  administer  and  inexpen¬ 
sive,  and  can  be  used  with 
illiterates  and  young  children. 
The  tests  generally  do  well  com¬ 
pared  with  the  anomaloscope, 
showing  agreement  ranges  of  0.95 
or  higher.  No  calibration  is 
required  by  the  user .  Disadvan¬ 
tages  are  the  required  use  of  a 
special  illuminant  C;  the 
presentation  of  confusion 
color.s,  which  may  be  difficult 
to  duplicate  through  the  print¬ 
ing  process;  and,  .because  of  eye 
pigmentation  or  lens  coloration, 
the  selected  colors  may  not  be 
correct  for  a  specific  individ¬ 
ual.  The  plates  may  be  degraded 
by  fingerprints,  dust,  and 
excessive  light  exposure,  and 
must  be  kept  in  a  case  when  not 
in  use .  The  test  should  be 
presented  monocular ly.  The 
plate.s  should  also  have  their 
order  rearranged  to  precJ.ude 
sequence  memorization  that  can 
be  shared  between  test  subjects. 

Arrangement  te.sts  require  the 
subject  to  arrange  color  samples 
by  similarity  in  a  series,  often 
a  color  circle.  The  caps  are 


numbered  on  the  back  and  can  be 
moved  freely  during  testing. 
Several  testing  strategies  are 
available  and  include  color 
confusion,  hue  discrimination, 
and  evaluation  of  neutral  zones 
(colors  seen  as  gray) .  Exam¬ 
ples  of  these  tests  are  the  FM- 
100  (hue  di.scrimination)  ,  D-15 
(color  confusion) ,  desaturated 
D-15  (color  confusion) ,  and  the 
Lanthony  New  Color  Test  (color 
confusion  and  neutral  zones) , 
Advantages  of  these  tests  are 
that  they  are  easy  to  admin¬ 
ister  and  can  be  used  with 
naive  subjects.  The  FM-100  and 
D-15  discriminate  between  pro¬ 
tan,  deutan  and  tritan  defects, 
based  on  axes  of  confusion. 

The  D-15  does  not  discriminate 
anoH«lous  trichromats .  The 
FM-100  is  quantitative,  with  a 
long  history  of  use  and  popula¬ 
tion  bases  for  comparisons  in 
hereditary  and  acquired  condi¬ 
tions.  The  validity  of  the 
tests  varies;  the  D-15  shows 
agreements  with  the  anomalo¬ 
scope  of  between  0.73-1.00. 

The  desaturated  D-15  has  not 
accumulated  enough  data  to 
allow  appropriate  comparisons. 
However,  98‘i  of  dichromats  and 
70%  of  anomalous  trichromats 
will  fail  the  desaturated  test. 
The  FM-100  may  be  statistically 
assessed  at  P^O.05  or  0.01. 
Scores  may  vary  with  age,  test 
experience,  and  wavelength  dis¬ 
crimination  function,  The 
Lanthony  test  is  suill  under 
evaluation.  It  is  designed  for 
acquired  defects  and,  there¬ 
fore,  a  plethora  of  test  con¬ 
ditions  must  be  considered. 

All  of  these  tests  require  man¬ 
ual  dexterity  and  may  be  diffi¬ 
cult  for  some  patients .  Pig¬ 
ments  may  be  damaged  by  finger¬ 
prints;  therefore,  gloves 
should  be  worn  by  test  sub¬ 
jects.  Spectral  quality  of  the 
light  source  illuminating  the 
plates  is  critical;  the  caps  of 
the  D-15  and  FM-100  tests  are 
made  from  Munsell  colors  for 
which  CIE  specification  is 


available  only  \mder  illuminant 
C.  No  calibration  is  required. 


Lantern  tests  were  conceived 
as  occupational  tests  to  evalu¬ 
ate  red/green/whi te  discrimina¬ 
tion  in  seamen,  railway  person¬ 
nel,  and  airline  pilots,  in 
order  to  assess  their  ability  to 
discriminate  navigation  aids  and 
signals.  Correct  color  recogni¬ 
tion  is  the  important  variable. 
The  value  of  lantern  tests  is 
their  ability  to  simulate  the 
actual  work  environment.  They 
do  not  specifically  identify 
types  of  color  defects.  They 
were  designed  to  screen  out 
individuals  who  cannot  see  red, 
green  and  white  occupationally, 
and  will  pass  color-normals  and 
color-weak  R/G  defectives.  The 
expe'.tation  is  that  color 
defectives  who  pass  a  lantern 
test  will  perform  as  well  as 
color-normals  in  their  occu¬ 
pation.  The  most  representative 
device,  and  the  only  one  readily 
available,  is  the  FALANT,  This 
test  uses  red,  green  and  white 
lights  that  are  confused  by  peo¬ 
ple  with  more  severe  color 
defects  and  does  not  attempt  to 
mimic  navigational  aids .  The 
assumption  is  that  if  an  observ¬ 
er  can  see  the  lights  that 
color-defectives  can't  see,  then 
they  should  certainly  see  those 
colors  that  color-defectives 
don't  fail.  A  design  feature  of 
this  test  permits  30%  of  color- 
defectives  to  pass.  The  valid¬ 
ity  of  these  tests,  compared 
to  the  anomaloscope,  is  very 
limited,  so  agreement  factors 
have  not  been  published.  Test 
advantages  are  the  device  is 
self-luminous,  so  it  may  be  used 
in  normal  room  light;  random 
presentation  is  easy  to  accom¬ 
plish;  and  administration  and 
scoring  do  not  require  highly 
trained  personnel.  Availability 
varies,  being  an  "of f-and-on" 
phenomenon.  Several  creative 
schemes  have  been  devised  to 
"game"  this  test  or  "con"  the 
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examiner,  one  example  resulting 
in  an  aircraft  loss.  No  cali¬ 
bration  or  maintenance  of  the 
lantern  is  required,  and  CIE 
chromaticity  specifications  are 
available . 

The  anomaloscope  is  the  gold 
standard  device  of  color  vision 
testing  and  depends  on  the  Ray¬ 
leigh  equation.  The  test  sub¬ 
ject  is  a.sked  to  match  a  yellow 
l.ight  by  mixing  varying  amounts 
of  red  and  green.  The  amount 
of  red  and  green  selected  is 
the  Rayleigh  result.  Normals 
match  pure  yellow  (589  nin)  with 
an  equal  mixture  of  pure  red 
(670  nm)  and  green  (545  nm) . 
Protanomalous  trichromats 
require  more  red  in  the  mixture 
and  deuteranomalouE  trichromats 
more  green  to  make  up  for  their 
inherent  deficiencies  in  a 
particular  cone  class .  Protan- 
opic  or  deuteranopic  dichromats 
will  accept  a  wide  range  of  R/G 
mixtures  to  "match"  yellow, 
because  they  match  brightness 
and  not  color.  This  test  has  a 
long  and  well-established 
history  and  is  the  definitive 
test  for  R/G  color  vision.  It 
is  used  to  validate  other  color 
vision  tests  and  requires  a 
spectroscope  for  calibration. 
The  apparatus  is  expensive, 
requires  experienced  examiner 
skills,  will  not  tolerate  rough 
handling,  and  is  not  a  readily 
available  screening  tool.  The 
Nagel  anomaloscope  is  the  only 
device  that  may  be  used  to 
classify  genetic  H/G  color 
vision  defects.  Several  new 
electronic  versions  that 
include  B/Y  testing  are 
currently  available  and  under 
evaluation . 

Plate  and  arrangement  tests 
are  designed  to  identify  indi¬ 
viduals  who  may  need  more 
extensive  color  testing.  They 
do  not  diagnose  a  specific 
color  defect.  A  test  subject 
who  passes  the  plate  test  for 
R/G  deficits  is  regarded  as 
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color-normal  for  R/G  only. 

Plate  tests  are  not  quantitative 
but  should  be  regarded  as 
pass/ fail,  requiring  further 
evaluation  with  other  soiDhisti- 
cated  testing  to  evaluate  the 
color  deficit.  Individual 
laboratories  need  to  establish 
their  own  test  battery  to 
satisfy  their  needs  with  respect 
to  R/G  defectives.  A  validated 
plate  test  and  the  FALANT  are 
both  effective  R/G  screeners. 

In  combination,  they  even 
improve  upon  their  validity  as 
opposed  to  one  test  employed 
alone . 

B/Y  Testing.  Because  of  the 
apparent  signif icunti.y  lower 
incidence  of  congenital  B/Y 
defectives  and  the  traditional 
R/G  aviation  world,  current 
color  screening  methodology 
excludes  this  category.  Of 
questionable  historical  valid¬ 
ity,  we  believe  that  this  is  no 
longer  the  case,  and  therefore 
B/Y  should  be  evaluated  as  well, 
for  screening  congenital  and 
acquired  deficiencies.  We  main¬ 
tain  that,  in  the  modern  cockpit 
of  today  and  tomorrow,  the 
importance  of  B/Y  discrimination 
has  been  underscored  and  needs 
consideration  in  order  to  maxi¬ 
mize  this  aspect  of  the  avia¬ 
tor's  visual  system.  Given  the 
complicated  induced  color 
defects  imposed  with  LEP, 
extremely  task-saturated 
multispectral  electronic  dis¬ 
plays,  and  the  need  to  avoid 
limiting  design  evolution  that 
could  capitalize  on  the  virtues 
of  a  truly  color-normal  visual 
.system,  we  believe  it  is  time 
to  screen  and  monitor  for  H/Y 
defects.  Several  tests  cur¬ 
rently  are  available  to  assess 
this  ability;  however,  many 
remain  elusive  and,  at  the 
present  time,  are  not  readily 
avail  'ble.  This  is  not  to  say 
that,  with  proper  support, 
they  could  not  become  so. 
Certainly,  the  FM-100  and  D-15 
evaluate  this  performance  ele¬ 


ment;  however,  they  are  not 
ideal  screeners.  These  tests 
were  not  optimized  to  assess 
this  performance  and  do  not 
identify  severe  anomalous 
trichromats.  The  Pickford- 
Nicolson  anomaloscope  and  the 
AO  Hardy-Rand-Rittler  PIP  are 
no  longer  available  commercial¬ 
ly,  but  vvere  employed  in  the 
past  to  assess  B/Y  deficits. 

The  Farnsv;orth  F2  plate  reT.'..  ins 
available  on  a  limited  basis  to 
color  researchers,  but  could 
easily  be  made  more  available 
as  a  screening  plate.  It  can 
be  produced  inexpensively  and 
could  be  included  in  the 
standard  PIP  test  to  allow 
screening  for  B/Y  defects. 
Failing  this  test  would  be 
either  disqualifying  or 
indicate  further  definitive 
evaluation.  The  F2  plate  is 
currently  available  through  the 
Naval  Submarine  Medical 
Research  Laboratory,  Groton, 
Connecticut . 

If  our  color  logic  is  accept¬ 
able,  adding  the  Farnsworth  F2 
plate  would  provide  a  more 
optimal  screening  strategy.  If 
acquisition  of  tnis  type  of 
plate  fails,  then  the  D-15 
could  be  employed.  Although 
somewhat  more  time-consuming 
and  perhaps  more  redundant, 
the  D-15  will  test  for  B/Y 
dichromats  but  not  for  B/Y  tri¬ 
chromats;  it'.s  therefore  less 
than  perfect  for  this  purpose. 

Development  of  a  standard  PIP 
Part  2  test  offers  potentially 
a  cost-effective  alternative  to 
the  F2  p.late .  This  test  was 
developed  in  1983 ,  basically  as 
an  acquired  B/Y  color-vision 
tester,  but  has  not  so  far  been 
employett  as  a  screening  test 
because  of  our  fundamental 
approach  concentratitig  on  R/G 
deficits.  It  is  a  readily 
available,  inexpensive  ($57 
U.S.,  Igaku-Shoin  Ltd,  1 
Madi.son  Ave,  Mew  York  100.10) 
test  designed  to  identify 
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acquired  B/Y  deficits.  Its 
ability  to  identify  congenital 
B/Y  deficits  warrants  further 
investigation  and  may  offer  an 
effective  alternative  to  the  F2 
once  validated  from  this 
perspc'ctive  in  the  future.  In 
the  meantime,  it  is  an  effective 
evaluatioji  tool  in  the 
evaluation  of  B/Y  deficiency. 

A  more  expensive  approach  would 
be  to  a.esign  an  operational 
color  screening  cockpit  emp.toy- 
ing  all  the  latest  electronic 
displays  in  a  real-world  simu¬ 
lation  test.  Obviou.sly,  stan 
dardization  of  display  synibology 
would  facilitate  this  process, 
but  may  be  unrealistic  opera¬ 
tionally.  Certainly  an  effec¬ 
tive  and  practical  compromise 
could  eventually  be  reached. 
Fundamentally,  and  in  the  mean¬ 
time,  we  believe  that  inexpen¬ 
sive  testing  methodologies  to 
locate  "Super  Coneman"  currently 
exist . 

IV.  MODERN  AVIATION  COLOR 
VISION  ISSUES 

It  is  appropriate  to  expand 
consideration  of  color  vision 
issues  into  the  arena  of  the 
modern  cockpit  and  beyond,  in 
the  hope  of  stimulating 
imaginations  and  concerns  in 
support  of  more  complete  and 
stringent  color  testing.  One 
has  to  only  look  back  20  years 
in  cockpit  design  to  compare 
current  "old"  operational  air¬ 
craft  with  "new"  aircraft  to 
appreciate  tl;e  way  in  v/hich 
cockpit  designs  are  evolving. 

A  valid  question- -painful  for 
some--might  be  "Will  tlie  manned 
part  of  the  system  evolve  with 
it?” 

Select!. .re  waveband  filters.  The 
all-glass  cockpit  produces  a 
staggering  amount  of  predomi¬ 
nantly  color-coded  visual  infor¬ 
mation  for  artistic,  if  not 
functional,  reasons.  Redundant 
symbology  and  con.sideration  of 


the  impact  of  selective  wave¬ 
band  filters  on  discriminating 
this  symbology  have  either  been 
totally  excluded,  partially 
accommodated,  or  realized  after 
the  fact .  Clearly,  red,  green 
and  white  signals  have  become 
passe  and  boring.  Current 
electronic  displays  employ  a 
vast  color  pallet te,  seemingly 
attempting  to  use  as  many 
pixels  of  individual  colors  as 
possible.  Considering  the  eye 
can  recognize  4,000  individual 
colors,  the  possibilities  are 
endless.  All  this  colormania 
has  been  done  without  regard 
for  color-defectives.  In  fact, 
an  aviator  had  better  be  a 
"Super  Coneman"  to  fully  appre¬ 
ciate  the  electronic,  iriultidi- 
mensional,  tuli-spectrum, 
technicolor  extravaganza  in  the 
cockpit.  When  LEP  enters  the 
picture  operationally,  things 
unintentionally  begin  disap¬ 
pearing  from  this  visual  anvi- 
romaent .  Certain  colored 
symbology  sizes  become  diffi¬ 
cult  to  see  through  I,EP  visors, 
requiring  doubling  their  size 
to  ensure  100?.  recognition. 
Redundant ,  color- independent 
symbology  is  nut  always  pres¬ 
ent,  but,  without  doubt,  should 
be.  For  the  "operationally 
induced"  color-impaired,  it  is 
imiJerative  that  "switchology " 
exist  on  current  displays  to 
neutralize  the  impact  of  LEP, 
but  such  design  features 
complicate  and  add  to  the  cost 
of  thu  equipment.  Hov;ever, 
there  appears  to  be  no  alter¬ 
native  if  we  are  to  adequately 
protect  our  aircrew  from  laser 
threats.  Since  hostile  lasers 
remain  agile  with  respect  to 
wavelength  and  a  single  defen¬ 
sive  solution  elu.sive,  thi.s 
compromise  of  color  performance 
is  likely  to  remain  an  irri¬ 
tating  cost  of  doing  business . 
Fundamentally,  in  order  to 
predict  the  impact  of  a  par¬ 
ticular  LEP  on  an  aviator,  it 
is  beneficial  for  vision 
scientists  and  engineers  to 
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understand  the  impact  of  a 
particular  visor  on  the  aircrew 
population.  There  is  no  ques¬ 
tion  that  the  impact  on  color- 
normals  is  profound.  The 
inclusion  of  color-weak  or 
color-abnormal  aviators  within 
this  population  and  the  lack  of 
information  to  date  on  the 
impact  of  these  devices  on  this 
subset,  complicates  this  matter 
considerably.  In  addition  to  an 
unp.redictabie  effect  on  those 
aircrew,  it  requires  complicated 
studies  to  ascertain  the  full 
extent  of  such  devices  on  color- 
abnormals .  Thus,  there  remains 
the  seemingly  insurmountable 
task  of  protecting  aircrew  from 
agile  laser  threats  and  still 
ensuring  the  unaltered  full 
potential  of  information  trans¬ 
fer  through  existing  and  future 
aircraft,  A  laser-induced 
reality  may  require  a  return  to 
monochromatic  displays  or 
removing  the  pilot.  Some 
aircraft  employ  color  contour 
map-display  systems  that  are 
presented  viaually  to  aircrew 
through  variou.s  means  .  These 
displays  must  be  modified  to 
accommodate  or  neutralize  the 
impact  of  LEP  on  the  information 
they  present .  Since  only  one 
visor  can  be  worn  at  a  time, 
it  is  a  challenge  to  match  the 
appropriate  visor  to  the  threat 
environir.ent .  Given  agile  laser 
threats,  it  is  likely  that  this 
selection  will  more  likely  be 
wrong  than  right.  We  can  only 
hope  that  evolving  technologies 
will  solve  this  problem. 

Air-to-Ground  Operations. 

Despite  exclusive  initial  night 
strikes  using  nioht-vision 
devices  (NVDs),  'lesert  Storm 
demonstrated  tha c  surgical  day¬ 
light  strikes  continued  to  be — 
and  are  likely  to  be  more  so  in 
the  future--a  prominent  part  of 
tactical  air  operations.  In 
this  context,  map  reading  tasks, 
vi.sual  target  confirmation,  and 
smoke  marker  detection  are 
greatly  enhanced,  if  not  totally 


dependent  upon,  an  intact  color 
vision  system.  These  tasks  be¬ 
come  extremely  difficult,  if 
not  impossible,  through  LEP 
devices,  and  have  a  variable 
impact  on  color-normals  and  an 
unpredictable  one  on  color- 
abnormals.  Although  some 
selective  waveband  filters  can 
enhance  detection  of  a  particu¬ 
lar  color  range,  this  advantage 
is  accompanied  by  a  loss  of 
discriminatory  ability  in  other 
color  ranges  and  an  overall 
reduction  of  luminance,  induc¬ 
ing  a  new  challenge.  This  new, 
altered  color  world  would  have 
to  be  "learned"  rapidly,  often 
under  duress;  information 
processing  time  would  be 
increased  and  a  color-weak 
individual's  performance  time 
would  be  degraded  dispropor¬ 
tionately. 

Naval  air  operations  present 
additional  unique  and  critical 
color-recognition  tasks .  These 
tasks  require  exquisite  chore- 
ographv  hotwcen  oircrov/  and 
deck  crew  who  wear  color-coded 
ensembles  to  identify  their 
flight  deck  responsibilities. 
Extremely  hazardous,  time- 
critical  night  carrier  land¬ 
ings,  although  not  totally 
dependent  on  color  discrimina¬ 
tion  because  of  automatic, 
landing  light  systems,  are 
greatly  imprcjved  by  tlie  avia¬ 
tor's  ability  to  discriminate 
color  cues  rapidly.  Colored 
J ights  are  important  to 
delineate  aircraft  carrier 
superstructure  and  orientation 
during  night  recoveries .  This 
is  not  to  say  that  night  land¬ 
ings  cannot  be  accomplished  by 
color-weak  individuals,  but 
this  extremely  critical  phase 
of  flight,  characterized  by  a 
very  narrow  window  of  opportu¬ 
nity  and  a  paucity  of  alterna¬ 
tives,  is  greatly  enhanced  by 
intact  color  discrimination. 

Air-to-Air  Operations .  Despite 
technological  advances  in  long- 
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range  missile  intercepts,  visual 
identification  of  potential 
hostile  aircraft  in  politically 
sensitive  situations,  and  the 
fact  that  not  all  missiles  hit 
their  intended  target  (only  20% 
in  actual  combat)  still  dictate 
the  need  for  close-range  dog¬ 
fighting  capability  with  its 
strong  reliance  on  the  air¬ 
craft's  cannon.  The  tactical 
offensive  employment  of  airborne 
lasers  to  dazzle  or  incapacitate 
an  adversary  requires  the  depen¬ 
dence  on  LEP  in  the  air-to-air 
arena  in  the  future.  A  pilot's 
ability  to  discriminate  adver¬ 
sarial  aircraft  close  in  against 
varying  color  contrasts  despite 
creative  camouflage  sc)iemes  nia)ce 
this  task  even  more  difficult 
through  LEP.  In  some  cases, 
neutral  gray  aircraft  against  a 
low-contrast  surround  appear 
invisible  through  certain 
visors,  not  to  mention  that  they 
are  extremely  difficult  to  see 
with  the  naked  eye  alone. 

Recent  military  operations  have 
been  critically  linked  to  suc¬ 
cessful  day  and  night  refueling 
oi^erations.  Although  a  tanker's 
refueling  liglit  t.racks  employ 
redundant  symbology  and  only 
red,  green  and  white  lights, 
blue  basket  markings  on  certain 
aircraft  add  another  dimezision. 
Throw  in  a  requirement  for  LEP 
because  of  the  proximity  of 
hostilities  to  refueling  opera¬ 
tions  and  the  fatigue  from 
repetitive  night  taskings,  and 
it  can  )oe  quickly  appreciated 
how  color  serves  to  reduce  the 
stress  and  difficulty  associated 
with  such  tasks. 

Night  Vision  Devices  (IH^Ds) . 

The  integration  of  NVDs  in  air 
operations  has  introduced  a 
plethora  of  new  physiologic  and 
equipment  interface  issues.  In 
effect,  NVDs  may  be  thought  of 
in  the  context  of  biologic 
coupling,  introducing  a  complex 
blend  of  aerovisual  and 
engineering  factors.  A  great 
deal  has  been  written  regarding 


the  use  of  NVDs  by  aircrew; 
however,  we  still  are  rela¬ 
tively  naive  in  such  issues 
as  NVD  performance  nomograms 
and  visual  standards,  the 
impact  of  NVD  performance  as  a 
function  of  ocular  pathology, 
physiologic/optical  inter¬ 
phasing  and  other  essential  NVD 
neurobiological  coupling  issues 
such  as  color  perception.  At 
present,  the  performance  of 
aircrew  with  NVDs  with  respect 
to  an  underlying  color  defi¬ 
ciency  has  not  been  evaluated, 
although  studies  have  been 
proposed.  The  emission  maximum 
for  the  generic  night  vision 
goggles  (NVG)  is  530  nm;  the 
wavelength  maximums  for  red  and 
green  cones  are  ‘"116  and  571  nm, 
respectively.  Thus,  it  appears 
that  neither  cone  system  is 
optimally  stimulated  and  can  be 
concluded  that  the  chromatic 
system  is  not  well  coupled  to 
these  devices.  It  seems  intu¬ 
itive  that  engineering  a 
phosphor's  emission  character¬ 
istics  to  match  the  retinal 
sensitivity  of  tlie  operator  is 
simpler  than  any  other  ijroposed 
solution.  The  impact  of  any 
existing  color  deficiency,  be 
it  congenital  or  acquired,  on 
an  individual's  ability  to 
optimally  use  NVDs  remains 
undetermined.  As  greater 
reliance  is  placed  on  NVDs, 
better  neurobiologic  coupli.iig 
in  color-normal  individuals  is 
required,  and  standards  mu.st  be 
determined  for  color-weak  indi¬ 
viduals  to  ensure  there  is  no 
performance  degradation  with 
these  severely  visual-tasking 
devices.  This  issue  raises  a 
potential  disconnect  to  be 
avoided  or  engineered  out  of 
the  .system  until  studies  permit 
a  better  understanding  of  NVD 
color  coupling  in  color-normals 
and  color-weak/abnormals .  How 
much  simpler  it  would  be  to 
establish  one  category  of  super 
aviator,  "Super  Coneman" ,  and 
neurobiologically  couple  the 
NVD  without  having  to  consider 


a  multitude  of  biological 
subsets  in  the  process. 

Chromatic  Contrast.  The  detec¬ 
tion  of  sharp  edges  in  a  ver¬ 
nier  acuity  task  (hyperacuity) 
has  traditionally  been  thought 
to  be  a  product  of  the  luminance 
system.  It  is  now  kiiown  to  be 
influenced  by  color.  In  a  sim¬ 
ple  situation,  suppose  two  green 
bars  in  a  red  surround  provide  a 
vernier  (offset)  target.  If  the 
bars  are  isoluminant  (briiilitness 
match) ,  there  is  a  70%  chromati¬ 
cally  determined  loss  of  acuity. 
These  sorts  of  .spatial- chromatic 
interactions  must  be  understood 
and  exploited  in  tlie  cockpit. 
Traditional  contrast  sejisitiv- 
ity,  used  to  accurately  evaluate 
pattern  vision,  principally  uses 
tlie  brightness  pathway.  Homo- 
chromatic,  isoluminant  gratings 
(e.g.,  alternating  red  and  red 
stripes)  liavu  no  visible  bound 
aries.  Hoterochromatic ,  isolu- 
miuant  gratings  (alteinating  red 
and  green  stripes)  have  bound¬ 
aries  that  may  only  arise  trou\ 
the  cliromatic  system,  because 
there  is  no  luminance  differ¬ 
ence;  that  is,  there  is  chro¬ 
matic  contrast.  This  observa¬ 
tion  has  created  a  new  research 
an 'a  relevant  to  display  tecli- 
iiology  and  other  aspects  of 
color  perceiJtion.  Luminance 
patteriuj  and  chromatic  patterns 
interact  in  several  ways.  IVo 
major  effects  occur:  facilita¬ 
tion  and  attenuation.  Tlie 
interactions  are  spatial  fre¬ 
quency  and  wavelengtii  dependent. 
These  sorts  of  data  begin  to 
approximate  the  real  world 
(cockpit) .  There  is  further 
evidence  to  support  the  notion 
that  spatial  loc.alization  is 
dependent  upon  color  and 
luminance  contrast.  Color  can 
support  binocular  fusion  and 
color  targets  may  be  fused  in 
the  context  of  rivalrous  lumi¬ 
nance  information,  just  as  lumi¬ 
nance  contrast  targets  may  be 
fused  in  the  presence  of 
rivalrous  color  information. 


Finally,  stereopsis  for  chro¬ 
matic  contrast  targets  can  be 
eliminated  with  suitable  limi- 
nance  contra.st.  Clearly,  ste- 
reopsis  may  be  loanipulated, 
enhanced,  masked,  attenuated, 
etc.,  resulting  in  a  range  of 
control  of  .stereopsis  that 
heretofore  has  not  been  possi- 
lole.  This  concept  can  be  re¬ 
garded  as  synthetic  stereopsis. 
This  manipulation,  optimally 
intended  to  alter,  highlight, 
attenuate  or  illuminate  infor¬ 
mation  pre.sentud  in  the  cock- 
Xoit,  may  play  a  role  in  future 
cockpits,  especially  if  virtual 
reality  continues  to  evolve. 

It  will  greatly  enhance  engi¬ 
neering  development  and  the 
predicted  impact  from  this  type 
of  technidogy  if  the  xoool  of 
aviators  share  a  common  and 
intact  normal  color  visual  sys¬ 
tem.  Tlie  iDrocess  of  under¬ 
standing  spatial  chromatic 
interactions  has  just  begun  and 
deserves  serious  attention  in 
those  situations  that  involve 
biologic  couijliug  of  the  avia¬ 
tor  with  cockxjit  disisluy.s 
especially  in  ho.stile  en 
nients  that  seem  to  argue 
virtual  coc)cpit  uiiproach 

Virtual  Reality,  One  pr 
solution  to  tlie  agile  th 
environment  in  future  ai 
atioii.s  is  virtual  realiti 
seems  impossible  to  jirote 
aircrew  and  harden  assorti 
optical  sensors  from  all  tli 
illusive  and  dynamic  laser 
thi'eats .  "Virtually  impo.ssible 
solution  1  emerging  realities  = 
virtual  reality."  Although 
reactive  canopies  and  visors 
may  play  a  role,  the  threat 
euvironnient  is  so  rich  and 
includes  so  many  other  threat 
wave]  engtli.s  t)iat  virtual  real¬ 
ity  cockpits  propose  a  valid 
aijproach  to  minimizing  the 
impact  of  such  threats .  This 
is  an  exceedingly  complex 
challenge,  and  new  physiologic 
problems  will  certainly  arise 
as  this  technology  matures  and 
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is  integrated  into  weapon 
systems.  Nonetheless,  there 
appear  to  be  significant 
benefits  associated  witli  this 
approach.  An  alternative  solu¬ 
tion  proposes  removal  of  the 
biological  component  of  tlie 
weapon  system  altogether,  but 
for  the  f oreseealile  future,  this 
would  be  regarded  as  an  unreal¬ 
istic  approach,  unappealing  to 
enthu.sias ts ,  even  if  predicated 
on  fertile  technical  merit.  The 
ability  to  exploit  color  pliy.sics 
and  physiological  issues  is 
bounded  only  by  imagination  and 
biological  limitations.  Ideally, 
freelance  engineering  without 
the  encumbrances  of  limitations 
secondary  to  color  vision  defi¬ 
cits  fundamentally  and  logically 
warrants  support.  Should  a 
potential  technological  develop¬ 
ment  in  this  area  be  subjected 
to  premature  demise  from  unne¬ 
cessary  physiological  handicaps? 
Or  not  developed  because  of  an 
unpredictable  impact  when 
coupled  biologically?  it  seems 
scientifically  unfair  to  penal¬ 
ize  creativity  by  having  to  deal 
with  less  tlian  optimum  liuman 
visual  systems.  "iJuper  Coneman" 
would  be  free  to  conquer  his 
"Color  Metropolis"  uiioncumljered 
by  any  kryiJtonite- like  weak¬ 
nesses.  Synthetic  stereopsis, 
color  contra.sU,  aiid  color 
stereopsis  are  .some  of  the 
emerging  color  vision  principles 
that  need  to  be  fully  exploited 
in  the  virtual  realm  before 
being  discarded  or  lost. 

Color  Testing  Realities. 
A.ssessment  of  an  aviator's  color 
performance  has  often  been  com¬ 
promised  by  basic  breaches  of 
testing  principles.  l-’or  exam¬ 
ple,  the  wrong  illuminant  inval¬ 
idates  plate  and  arrangement 
tests  and  contributes  to  a 
potentially  erroneous  passing 
score.  This  error,  or  any  ini¬ 
tially  acquired  faulty  informa¬ 
tion,  i.s  compounded  in  the  ab¬ 
sence  or  infrequent  requirement 
to  reassess  this  performance . 


Dependence  upon  a  historically 
referenced,  previously  passed 
qualifying  test  forgoes  the 
possibility  of  validation  and 
monitoring  for  acquired  color 
deficiencies  and  inappropriate¬ 
ly  conmiits  a  prospective  avia¬ 
tor  in^--  an  ever-increasing ly 
comple  -  color  world.  Retesting 
policy  regarding  color  perform¬ 
ance  varies  and  often  a  histor¬ 
ically  referenced  te.st  score 
suffices  in  lieu  of  retesting . 
Creative  gaming  techniques,  to 
include  memorization,  sharing 
answers,  and  more  elaborate 
schema  to  assure  a  passing 
score,  have  all  been  employed 
successfully  in  the  past.  An 
example  of  an  aircraft  lost  to 
this  phenomenon  wa.s  given 
earlier.  It  is  not  good  policy 
for  the  aerovisual  scientist  to 
be  adversarial  to  prospective 
and  trained  aviators,  but  i.t  is 
our  responsibility  to  ensure 
that  tests  are  adminisi.ered 
loroperly  and  that  we  eliminate 
those  candidates  that  are 
likely  to  be  visually  coin- 
irromised.  The  "color  assi.s  - 
tant"  phenomenon  during  color- 
testing  runs  the  full  spectrum, 
from  outright  sympathetic  data 
entry  to  compromised  te.stiug 
technique  to  disinterest  or 
lack  of  understanding  of  the 
sigiiif ieance  of  responses. 

Regardless,  performance  assess¬ 
ments  based  on  erroneous  infor¬ 
mation  can  be  improperly  car¬ 
ried  throughout  an  aviator's 
career.  Acquired  color  defi¬ 
ciencies  can  be  elusive  and 
are  not  always  associated  with 
other  warning  signs  such  as 
reduced  acuity.  Reducing  the 
ro\itine  monitoring  requirement 
is  therefore  fundamentally 
Hawed  and  does  not  identify  an 
impaired  aviator  within  the 
color- task-saturated  environ¬ 
ment  of  today's  and  toiaor row's 
aircraft . 
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V.  SUPERCONEMAN 

It  appears,  given  both  real 
and  perhaps  some  conjectural 
issues,  that  the  argument  sup¬ 
porting  the  search  for  "Super 
Coneman"  exists  now  and  will 
have  only  greater  relevance 
in  the  future,  assuming  that 
humans  continue  to  be  coupled 
with  aircraft.  The  fact  is  that 
"Super  Coneman"  exists  now;  he's 
called  color-normal.  The  color- 
world  is  polydiniensional ,  but 
our  current  inode  of  testing 
color  is  based  on  a  uuidimen- 
sional  apioroach.  There  are 
interactions  between  the  chro¬ 
matic  spatial  system  and  the 
achromatic  spatial  oy.stem  .such 
that  screening  for  color  capa¬ 
bility  alone  may  be  misleading 
in  terms  of  occupational  needs 
and  standards,  often  the  basis 
for  color  tests  in  the  past. 
Color  anomalies  have  only  been 
marginally  linked  to  actual 
"real-world"  color  performance, 
and  better  delineation  seems 
nece-ssary.  The  color  world  of 
the  future  will  need  to  be 
understood  in  the  context  of 
interactions  of  the  coio.r  system 
witli  otlier  aspects  of  vision,  to 
capitalise  on  emerging  technolo¬ 
gies  and  future  cockpit.";. 

Two  alternative  approaches  are 
possible:  one  is  to  promote 

more  extensive  screening  for 
preexisting  color  pathology, 
coupled  with  frequent  reeval 
nation,  and  the  other  is  to 
continue  business  as  usual  and 
minimize  the  imi^act  of  color- 
related  tasking.  The  former  can 
be  accomplished  by  more  compre¬ 
hensive  visual  screening,  to 
include  B/Y  assessment,  whereas 
the  latter  accepts  a  handicap 
and  requires  engineered  color- 
independent  solutions .  The 
impact  of  color  can  be  minimized 
in  displays  by  prograntning  and 
designing  in  a  switcliable, 
color-neutral  mode  to  employ 
redundant  .symbology  visible 
through  any  present  and  future 


LEP  or  filters,  or  to  maintain 
a  color-neutral  approach  (in 
essence  a  return  to  black  and 
white  electronic  displays) 
wherever  possible .  Perhaps  the 
ultimate  expression  of  this 
approach  would  be  to  design  us 
completely  out  of  the  cockpit, 
or  in  the  meantime,  optimize 
the  biological  coupling  between 
display  design  and  known  color 
issues  and  to  embrace  color- 
defectives  as  well.  The  first 
approach  maximizes  the  impact 
of  color  discrimination  by 
advocating  .stricter  color- 
standards  ("Super  Coneman"), 
and  maximizes  exploitation  of 
emerging  color  technologies 
sucli  as  .syntlietic  stereopsis, 
chromatic  contrast  and  other 
eiiliancements  yet  to  evolve. 

The  feasibility  of  embracing  a 
more  stringent  approach  can  be 
done  effectively  and  with 
acceptable  cost,  especially  if 
cand.idate  screening  is  only 
accoii\plished  at  several 
centers . 

Plate  and  arrangement  tests  are 
designed  to  simply  screen  indi- 
vidual.s  who  may  need  more  ex¬ 
tensive  color  testing.  Adding 
to  existing  plate  or  lantern 
methods  the  ability  to  assess 
li/Y  performance  and  to  support 
a  program  of  more  frequent 
testing,  supported  by  appro- 
liriate  disqualification  regu¬ 
lations,  will  ensure  a  color- 
normal  aviator  pool--one  that 
will  have  a  predictable  impact 
from  today's  and  tomorrow's 
optical  devices  and  aids--that 
correlates  with  laboratory 
studies  and  ijredictably  extrap¬ 
olates  to  the  entire  flying 
pool.  This  pool  would  facili¬ 
tate  engineering  options  and 
biologic  coupling-  It  would  be 
a  pool  wiiose  visual  tasks  and 
cockpit  performance  would  be 
enhanced  by  the  color  vision 
system  and  not  penalized  by  it, 
thereby  negating  effective  use 
of  that  information  during  a 
critical  phase  of  flight. 
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In  the  final  analysis,  indi.vid- 
ual  countries  will  establish  an 
appropriate  battery  of  tests  to 
satisfy  their  needs.  Political 
re.'lities,  however,  may  alter  a 
pure  approach.  Today's  world  of 
kaleidoscopic  color  cockpits  and 
tasks,  oversliadowed  by  a  mili¬ 
tary  drawdoim  and  pilot  reduc¬ 
tions,  seems  to  echo  an  oppor¬ 
tunity  to  reduce  the  pool  of 
candidates  to  only  the  very 
best,  in  this  case,  "Super 
Coneman"  .  This  approfich  will 
ensure  that,  to  the  limits  of 
our  ability,  we  oiDtimally,  per¬ 
haps  synergist j.cally,  couple 
the  biologic  component  to  the 
airframe  well  into  tlie  2ist 
century,  or  at  least  for  as 
long  as  we  continue  to  sit  on 
a  rocket,  racing  through  space, 
with  our  hair  on  fire. 
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SUMMARY 

Refractive  surgery  to  correct 
rehaoilitate  refractive  errors 
of  the  eye  continues  to  evolve 
at  a  significant  pace  and  is 
here  to  stay.  The  surgical 
manipulation  of  the  cornea  by 
carefully  planned  incisions, 
as  in  radial  keratotomy,  repre¬ 
sented  the  fj.rs';  technological 
procedure  to  evolve  for  the 
correction  of  ametropia  and  is 
an  area  of  continued  active 
development  and  improvement . 

More  recently,  photorefractive 
keratectomy  (PRK)  using  laser 
technology  to  ablate  and  recon¬ 
tour  the  r-orneal  surface  lias 
emerged  as  a  viable  modality. 
This  paper  explores  the  aero- 
medical  factors  surrounding  thi.s 
new  revolutionary  procedure  and 
discusses  the  issues  relevant  to 
evaluating  its  applicability  to 
the  modern  aviator  as  well  as 
reviewing  results  of  the  latest 
clinical  trials  currently  in 
progress .  The  goal  is  to  pro¬ 
vide  the  aeromedical  community 
witli  tne  fundamental  information 
required  to  formulate  aeroinedi- 
cal  decision-  and  policy-making 
in  regard  to  a  new  procedure 
that  is  certain  to  have  tremen¬ 
dous  impact  on  future  aircrew 
candidates . 

LIST  OF  ACRONYMS 


D  diopters  of  refractive 
power 

eV  electron  volts 
VA  visual  acuity 
BVA  best  (corrected)  visual 
acuity 

lOL  Intraocular  lens 

1 .  INTRODUCTION 

Surgical  intervention  to  alter 
the  optical  refractive  state  of 
the  eye  is  known  as  refractive 
surgery.  Current  procedures 
have  evolved  in  an  attempt  to 
permanently  correct  myopia 
(nearsightedness)  and,  to  a 
lesser  extent,  in  less  commonly 
expressed  refractive  problems 
such  as  excessive  astigmatism 
and  hyperopia  (  farsiglitedness )  . 
Universal  acceptance  of  such  a 
lirocedure  will  depend  on  its 
success,  predictability,  sta¬ 
bility  and  safety.  A  listing 
c£  applied  surgical  techniques 
to  date  is  as  follows: 

A.  Radial  keratotomy  (RK) 

1.  Hand-made  incisions 
(KK) 

2.  Laser  incisions 
(LRK) 

B.  Epikeratopliakia  (EPI) 

C.  Thermokeratoplasty  (TK) 

D.  Lasei'  thermokeratopl  nety 
(LTK) 

E.  Myopic  keratomileusis  (MKM) 

1 .  Manual 

2.  Automated  lamellar 
keratoplasty  or  kera¬ 
tomileusis  (ALK) 

F.  Laser  ablation 

1.  Corneal  surface  abla¬ 
tion  -  PRK  with  or 
without  erodible 
mas  k 


PRK  photorefractive 
keratectomy 

RK  radial  keratotomy 

UV  ultraviolet  radiation 

uve  short  wavelength 

UV  less  than  300  nm 
nm  nanometer 
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2,  Intrastromal  ablation 
(ISA) 

G.  Myopic  intraocular  lenses 
(MIOL) 

H.  Synthetic  corneal  inlays 

I.  Laser-adjustable  synthetic 
epikeratcphakia  (LASE) 

Each  of  these  procedures  will  be 
described  briefly  to  enhance  our 
background  understanding  and  to 
differentiate  them  from  the 
subject  of  this  expose,  PRK. 
Unquestionably,  the  evolution 
and  application  of  laser  energy 
to  alter  the  shape  of  the  eye 
is  an  exciting  and  promising 
technological  development  of 
major  significance  to  medical 
science  and  the  "war"  on  myopia. 
Corneal  .surface  ablation  that 
alters  the  shape  of  tlie  cornea 
using  excimer  laser  technology 
(PRK)  currently  represe.nts  the 
most  common  laser  procedure  to 
evolve --one  that  h-as  attracted, 
considerable  international 
attent.ion,  and  with  it  the  hopes 
ot  ophthalmic  surgeons  end  many 
myopes . 

Refractive  Surgical  Procedures 

Radial  keratotomy  (RK) :  In 
tills  procedure,  the  surgeon 
makes  between  4  and  16  radial 
.n'lc isions  extending  through  90% 
of  the  corneal  thickness  and 
running  from  the  edge  of  the 
optical  zone  to  the  corneal 
periphery  (limbus)  to  flatten 
the  corneal  surface.  These 
incisions  c  in  be  made  either 
by  a  suryic-.  l  knife  or,  more 
recently,  by  a  surgical  laser. 
Considerable  international 
experience  has  accumulated  with 
standard,  hand-made  RK ;  the 
laser  variant  appears  to  be  less 
optimal,  RK  has  been  practiced 
for  a  iiumi'.er  of  years,  and 
although  j  ■-  continues  to  evolve 
technologically,  it  may  have 
reached  its  cl.inical  zenith. 

It  remains  a  popular  surgical 
procedure  to  myope.s  de.spite  some 
potential  drawbacks. 


Epikeratophakia  (EPI) :  This 
procedure  involves  the  removal 
of  a  portion  of  the  central 
cornea,  which  is  discarded  and 
replaced  with  a  specially  con¬ 
toured  implant,  made  from 
either  a  donor  cornea  or 
.<--'nthetic  materials  .  EPI  has 
limited  application;  it  is  pri¬ 
marily  used  for  the  optical 
correction  of  high  degrees  of 
hyperopia  such  as  in  aphakia 
(post-cataract  surgery) .  It 
is  a  specialized  procedure, 
performed  by  a  small  number 
of  surgeons  in  a  very  limited 
number  of  cases. 

Thermokeratoplasty  (TK/LTK) : 
The  application  of  heat  to  the 
corneal  surface  to  induce  a 
change  in  corneal  contour,  can 
be  achieved  with  cautery  probes 
or  using  laser  energy  (i.e., 
infrared  HOLMIUM  laser) .  It 
has  been  used  primarily  in 
hyperopia,  and  although  manual 
application  procedures  have 
waned,  there  is  a  current 
resurgence  of  this  technique, 
rekindled  by  new  applied  laser 
technology . 

Myopic  keratomileusis  (MKM) : 
In  this  procedure,  also 
referred  to  as  epikeratoplasty, 
a  porti(5n  of  the  central  cornea 
is  removed  and  frozen,  lathe 
cut  to  recontour,  then  sutured 
back  onto  the  original  site, 
resi'lting  in  an  altered  corneal 
curvature  and  a  new  refractive 
power  in  the  cornea.  Recent 
developments,  including 
enhanced  control  by  microtome 
automation,  are  being  investi¬ 
gated  in  a  nt  vv  procedure  known 
as  automated  lamellar  kerato¬ 
plasty  (ALK) .  This  is  a  com¬ 
plex  procedure;  in  its  present 
form,  ALK  has  limited  applica¬ 
tion,  unless  techniques  evolve 
to  permit  greater  universality. 
At  present,  it  j.s  used  for  high 
degrees  of  myopia  (up  to  -30 
D) ,  with  limited  application  in 
the  general  population  of 
myopes . 
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Myopic  intraocular  lenses 
(MIOL) :  In  this  procedure,  a 

myopic  anterior  chamber  lOL  is 
implanted  to  correct  preexist¬ 
ing  myopia.  It  is  a  relatively 
new,  evolving  intraocular  surgi¬ 
cal  procedure  with  limited  clin¬ 
ical  experience  and  application. 

Synthetic  corneal  inlays:  In 
the  synthetic  corneal  inlay  pro¬ 
cedure,  an  intrastromal  corneal 
ring  made  of  polysulfone  or 
hydrogel  is  implanted  to  alter 
the  anterior  corneal  curvature. 
It's  a  new  procedure,  currently 
under  technical  development . 

Laser-adjustable  synthetic 
epikeratophakia  (LASE) :  This 
procedure  employs  a  collagen 
exoplant  previously  sculpted  by 
laser  energy  to  a  desired  shape 
and  power  and  attached  to  the 
eye.  It  is  a  new  procedure  and 
has  had  limited  studies  to  date. 

Laser  Intrastromal  ablation 
(ISA) :  In  ISA,  laser  energy  is 

applied  directly  to  corneal 
stromal  tissue.  Theoretically, 
its  premise  is  to  collapse  or 
flatten  the  corneal  surface  by 
selectively  destroying  deeper 
portions  of  the  underlying 
supporting  corneal  stroma,  to 
avoid  potential  problems  asso¬ 
ciated  with  removing  superficial 
corneal  layers .  ISA  is  an 
emerging  procedure  v/ith  tech¬ 
nical  merit  and  potential 
universal  applications . 

Laser  surface  ablation  (PRK): 
In  this  procedure,  the  surgeon 
uses  laser  energy  to  create  a 
central  corneal  plateau  or 
flattening  that  reduces  the  plus 
refractive  power  of  the  cornea. 
Representing,  overwhelmingly, 
the  moot  common  form  of  laser 
ablative  surgery  to  date,  PRK.  is 
considerably  advanced  in  its 
clinical  application  inter¬ 
nationally;  it  is  the  focus 
of  this  paper. 


II. 

In  PRK,  the  ophthalmic  surgeon 
uses  the  excimer  laser  to  alter 
(flatten)  the  corneal  contour. 

It  employs  193  nm  UVC  light, 
emitted  from  an  excited  dimer 
(“exc-imer")  cf  argon  fluoride 
(ArF) .  Selection  of  this  wave¬ 
length  was  based  on  intended 
effect,  predictability,  associ¬ 
ated  complications,  and  the 
inr^jact  on  surrounding  corneal 
tissue .  PRK  has  been  used  in 
both  human  and  animal  studies 
since  1986,  with  an  estimated 
70,000  human  procedures  already 
performed  using  systems  made  by 
5  manufacturers.  The  procedure 
depends  on  the  photoablative 
effects  of  high-energy  UVC 
which  cause.',  ultrafast  vapor¬ 
ization  of  the  cornea  by 
direct  photochemical  disruption 
of  molecular  bonds  from  photic, 
photothermal  and  photomechani¬ 
cal  mechanisms.  Two  laws  of 
physics  applicable  to  PRK  are 
the  Grotthus-Draper  Law,  which 
states  that  light  must  be 
absorbed  by  a  molecule  before 
a  photochemical  effect  can 
occur,  and  the  Stark-Einstein 
Law,  which  states  that  the 
absorption  of  only  one  photon 
is  required  to  affect  one 
molecule.  Infrared  radiation 
induces  molecular  rotational 
and  vibrational  changes  and 
is  associated  with  voltages  in 
the  0.01-1.0  eV  range.  UV  and 
visible  wavelengths  are  asso¬ 
ciated  with  higher  energy  and 
induce  electron  changes  that 
involve  excitation  of  valence 
electrons  at  levels  below  3.0 
eV,  chemical  bond  breakage  in 
ranges  of  3. 0-6.0  eV,  or  com¬ 
plete  ionization  and  bond 
breakage  at  energy  levels 
greater  than  6.0  eV .  UVC 
energy  levels  (6.4  eV)  used  by 
the  excimer  laser  result  in  the 
removal  (vaporization)  of  a 
central  zone  of  corneal  tissue 
with,  theoretically,  minimal  or 
acceptable  impact  on  the  sur¬ 
rounding  ocular  structures . 
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However,  a  byproduct  of  this 
type  of  tissue  interaction  is 
the  production  of  free  radicals. 
The  corneal  layers  removed  by 
this  procedure  include  the  cor¬ 
neal  epithelium,  basement  mem¬ 
brane,  Bowman's  layer  and 
portions  of  the  corneal  stroma. 
The  amount  of  tissue  removed  is 
dependent  upon  the  initial 
refractive  status  of  the  patient 
and  the  desired  optical  result. 
Upwards  of  10%  (e.g.,  a  -5.00  D 
myope)  of  the  cornea  may  be 
removed.  The  surgery  is 
intended  to  produce  a  flattened 
corneal  plateau,  thus  reducing 
the  overall  plus  refractive 
power  of  the  cornea  and  subse¬ 
quently  the  amount  of  minus 
power  required  for  optical 
correction.  The  procedure  is 
targeted  primarily  at  -2.00  D 
to  -7.00  D  myope.s .  To  be 
clinically  acceptable,  treated 
corneas  should  be  clear,  smooth, 
predictably  contoured,  and 
stable  following  the  procedure. 
The  development  of  an  erodible 
mask,  used  in  conjunction  with 
the  application  of  the  excimer 
laser,  broadens  the  scope  of 
this  procedure,  to  include  both 
astigmatism  and  hyperopia.  This 
mas):  is  composed  of  polymethyl 
methacrylate  (PMMA),  which 
absorbs  UVC  and  is  eroded 
(vaporized)  in  the  process, 
and  a  quartz  substrate,  which 
transmits  UVC  without  destruc¬ 
tion.  The  surgeon  uses  these 
Specifically  co.ntoured  masks 
to  control  exactly  where  and 
how  the  laser  energy  is  applied 
to  the  cornea,  thus  allowing 
selectively  contoured  corneal 
surface.?  beyond  the  limitation 
of  an  unmasked  laser-determined 
central  plateau. 

PRK  Procedure 

Clinically,  the  procedure  can 
easily  be  perceived  to  be  over¬ 
simplified.  The  corneal 
epithelium  may  or  may  not  be 
removed  prior  to  the  applica¬ 
tion  of  the  laser  energy.  After 


programming  the  amount  of 
intended  refractive  change 
required  and  baseline  ophthal¬ 
mologic  examination  data,  an 
algorithm  determines  the 
desired  excimer  treatment 
parameters .  Using  helium-neon 
(HeNe)  aiming  beams,  the 
patient  is  directed  to  look 
into  the  aiming  device  while 
the  surgeon  positions  the 
patient's  head  manually  for  the 
procedure .  Laser  energy  is 
then  applied  typically  over 
20-40  seconds,  during  which 
time  the  corneal  surface  is 
almost  "magically"  and  irrev- 
er.sibly  altered.  Postopera- 
tively,  the  eye  is  patched  for 
a  few  days  to  promote  reepithe- 
lialization  and  healing; 
topical  steroids  are  employed 
to  control  postoperative 
changes.  Postoperative  cart 
involves  management  of  the 
reepithelialization  process 
and  steroid-dependent  factors 
such  as  refractive  outcome, 
anterior  stromal  haze  and 
steroid-induced  rises  in 
intraocular  pressure .  'Die 
recent  trend  is  toward  reducing 
steroid  use,  substituting  non¬ 
steroidal  anti-inflammatories, 
and  for  shorter  periods  of 
time,  approximately  3  months . 
However,  steroids  seem  more 
efficacious,  minimizing  post- 
PRK  inf  lamination  and  corneal 
haze,  and  playing  a  role  in 
preventin-g  postoperative 
regression  (1,2,3).  Clini¬ 
cally,  their  use  seems 
unavoidable . 

Demographics 

U.S.  demographic  studies  (4) 
predict  that  by  the  year  2000, 
approximately  8  million  PRK 
procedures  will  have  been  per¬ 
formed  in  the  U.S.  at  a  rate  of 
3.5  million  per  annum.  Inter¬ 
national  projections  in  combi¬ 
nation  portend  of  a  tremendous 
pool  of  applicable  PRK  candi¬ 
dates  who  will  pursue  this 
procedure  enthusiastically. 


There  is  no  question  that  PRK 
will  appeal  to  most  myopes  and 
offers  some  significant 
advantages  over  RK.  The  most 
important  advantages  are  the 
reduction  in  the  risks  from 
intraocular  penetration  during 
surgery,  less  refraction 
instability,  and  the  retention 
of  near-normal  corneal  rigidity, 
severely  compromised  with  RK. 

The  collective  internarionai 
experience  (nearly  40  countries) 
with  PRK  is  7  years  old  and 
involves  nearly  70,000  patients, 
while  the  U.S.  experience  is 
less  than  3  years  old  and 
involves  approximately  3,000 
patients .  The  procedure 
currently  costs  approximately 
$2,000  U.S.  per  eye  and  approxi¬ 
mately  $300,000  U.S.  for  the 
excimer  laser.  However,  even 
pessimistic  demographic  esti¬ 
mates  still  encourage  medical 
and  conunercial  development . 

Postoperative  Results 

A  review  of  the  literature  and 
data  from  a  current  user  group 
symposium  reveals  that  PRK,  even 
early  in  its  technological 
development,  is  currently  about 
equal  to  RK  in  terms  of  VA 
results.  Most  groups  performing 
PRK  report  postoperative  vision 
is  20/20  or  better  in  58-75%  of 
eyes  and  20/40  or  better  in  85- 
95%  of  eyes  at  1  year.  Depend¬ 
ing  on  the  preoperative  amount 
of  myopia,  the  percentage  of 
postoperative  refractive  errors 
achieved  short-term  within  jvl.OO 
D  of  emmetropia  (piano)  ranges 
from  70%  to  98%  in  myopes  with 
preoperative  refractions  less 
than  -3.00  D,  from  60%  to  92% 
in  myopes  between  -3.00  and 
-6.00  D,  and  from  35%  to  44%  in 
myopes  between  -6.00  and  -9.00  D 
(5,6,7,8,9,10) .  Even  with 
relatively  short  periods  of 
follow-up,  PKK  compare.s  favor¬ 
ably  to  RK.  It  can  be  expected 
that,  as  PRK  techniques  con¬ 
tinue  to  evolve,  postoperative 
results  are  likely  to  improve; 
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exactly  to  what  final  level, 
only  time  will  tell.  Factors 
such  as  the  use  of  erodible 
masks,  new  technology,  aperture 
size,  control  of  energy  emis¬ 
sion  profiles,  po.stoperative 
management,  and  improved  pro¬ 
gramming  algoritlims  are  likely 
to  achieve  improved  risk/ 
benefit  ratios.  This  outlook 
presumes  no  catastrophic  issues 
arise.  Until  recently,  it  has 
been  generally  recognized  that 
it  usually  takes  approximately 
1  year  for  the  refraction  to 
stabilize  post-PRK,  and  this 
period  may  even  be  longer  in 
higher  myopes  (1,8,11,12,13). 

Complications 

The  main  potentially  signifi¬ 
cant  is.sues  associated  with  PRK 
so  far  include : 

Corneal  scarring 
Haze/glare/ starbursts 
Pain 

Instability  of  refraction 
Loss  of  best  correctable  VA 
Recurrent  erosions 
Ovei'/under  correction 
Topical  steroid  complications 
Decentration 
Corneal  islands 
UVC  exposure 

Corneal  scarring/haze/glare/ 
si arbursts/haloes :  Corneal 
scarring,  in  the  form  of 
corneal  haze,  is  preseiit  in 
virtually  all  patients  postop- 
eratively,  fades  invariably, 
and  is  subject  to  individual¬ 
ized  interpretation  and  signif¬ 
icance.  There  is  no  question 
that  the  haze  occurs  and  seems 
to  peak  in  3-6  months.  It  is 
a  result  of  inflammatory  and 
induced  histological  change.s  . 
Analysis  of  human  specimens  has 
been  limited,  but  ai'.imal 
studies  and  some  human  speci¬ 
mens  have  revealed  epithelial 
hyperplasia,  increased  fibro¬ 
plastic  activity,  absence  of 
Bowman's  layer,  and,  following 
initial  obliteration. 


reformation  of  an  often  discon¬ 
tinuing  basement  membrane  (14, 
15,16,17).  There  has  been  some 
evidence  of  iiiduced  Descemet's 
membrane  changes  and  electron- 
dense  granular  material  has  been 
seen  in  primate  studies  (14)  and 
identified  as  Type  Ill  collagen 
material,  normally  not  part  of 
the  corneal  histology  (16). 

Tliese  histological  change"  frost 
the  corneal  optical  window  and 
are  believed  to  be  the  source  of 
postop  visual  haze,  glare  and 
starbursts  and  a  factor  in 
cau:;ing  haloes.  Our  abiJ  ity  to 
evaluate  the  impact  of  haze  and 
glare  objectively  and,  more 
spi  "ifically,  aeromedicaliy  is 
not  ideal.  In  general,  all 
patients  will  have  readily 
observable  corneal  haze  for 
3-6  months  postoperatively  and 
most  experience  significant 
fading  by  1  year  (8,9,18).  Tlie 
greater  the  intended  refractive 
change,  the  greater  and  more 
persistent  the  corneal  haze, 
which  parallels  the  poorer  post- 
PRK  VA  resuJ ts  associated  with 
higher  myopes.  One  primate 
study  revealed  the  histological 
changes  believed  to  be  respon¬ 
sible  for  corneal  haze  to 
persist  when  the  animals  were 
sacrificed  at  18  montdis  (16). 
Corneal  clarity  i^ostoperatively 
impacts  on  several  aspects  of 
visual  performance,  especially 
at  reduced  light  levels  and  at 
night . 

Pain:  All  patients  experi 

ence  pain  post-PRK  because  of 
removal  of  the  cornea)  epithe¬ 
lium.  This  pain  generally 
resolves  with  reepithelializa- 
tion  of  the  cornea,  wliich  occurs 
3-5  days  postoperatively. 
Although  corneal  pain  may  have  a 
rate-limiting  effect  on  some 
individual  decisions  whether  to 
have  the  procedu^-e,  it  is  not 
considered  an  unmanageable  or 
prolonged  problem. 

Instability  of  refraction: 

By  design  and  from  clinical 


experience,  most  patients  are 
overcorrected  during  the  first 
month  following  PRK  and  regress 
over  the  next  3-6  months. 

Based  on  short-term  follow-up, 
it  had  generally  been  accepted 
that  the  refraction  remains 
unstable  for  up  to  1  year  post¬ 
operatively,  settling  within 
il.OO  diopter  of  eitmetropia 
75-98%  of  the  time.  It  is 
associated  with  20/20  vision  or 
better  in  58-75%  and  20/40  or 
better  up  to  95%  of  the  time  in 
myopes  less  than  -3.00  D  preop- 
eratively  (5,6,7,8,9,10). 
Individuals  with  higher  preop¬ 
erative  refractions  have  poorer 
results  in  general.  However, 
recent  observations  of  late 
regression  beyond  18  months  and 
up  to  26  month.t  po.st-PRK  liave 
raised  clinical  concern  that 
.stromal  healing  may  be  much 
slovwer  than  had  previously  been 
assumed.  Persistence  of  what 
appears  to  be  tlie  original 
coi'centric  ablation  rings 
beneath  the  epithelium  has 
seriously  challenged  the 
stromal  remodeling  liypothesis 
in  post-PRK  healing  (19). 
Residual  refractive  errors 
occur  at  least  40%  of  the  time 
and  in  most  cases  ivould  require 
postoperative  correction  of 
some  type  to  acliieve  best 
corrected  visual  acuity  (BVA) . 

Recurrent  erosions:  Post¬ 
operatively,  the  corneal  epi¬ 
thelium  must  reattach  to  the 
underlying  corneal  stroma. 
Normal  histology  involves  the 
reattachment  of  the  epithelium 
to  the  underlying  basement 
membrane  and  Bowman's  layer. 
However,  in  this  procedure,  the 
natural  Bo\gnan’s  J.ayer  and 
basement  membrane  are  delib¬ 
erately  removed;  conseq\iently, 
the  corneal  epithelium  must 
reestablish  anchoring  fibers  to 
underlying  corneal  stroma  and 
reconstituted  basement 
membrane .  Easement  membrane 
material  is  reproduced  similar 
histologically  to  the  original 
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in  most  aspects,  but  differs  to 
some  degree.  Bovmian's  layer  is 
not  reconstituted,  but  no  one 
fully  understands  the  importance 
of  this  layer  to  the  cornea. 
Although  reepithelialization 
occurs  in  all  patients  within 
the  first  postoperative  weeJc, 
th-e  long-term  potential  for 
recurrent  erosions,  especially 
when  these  eyes  are  challenged 
with  contact  Senses,  remains 
undetermined.  However,  most 
groups  have  reported  that 
recurrent  erosions  are  not  a 
significant  problem  short-term. 
Recent  reports  of  recurrent 
erosions  have  emerged  and 
preclude  us  from  totally 
ignoring  this  possibility.  No 
post-PRK  contact  lens  studies 
have  yet  been  rei^orted. 

Over /undercorrection ; 
undercorrection  of  refrc\ctive 
error  can  either  be  an  intended 
surgical  target  or  a  result  of 
stromal  hedling/epitheli,al 
liyperplasia .  Although  most 
cases  are  deliberately  overcor¬ 
rected  postoperatively ,  these 
changes  tend  to  regress  over  tlic 
next  3-6  montlis .  Some  investi¬ 
gators  have  reported  changes 
beyond  the  12-month  period,  so 
far  as  late  as  26  months,  but 
generally  at  least  1  year 
usual ],y  has  been  necessary  for 
stability.  Residual  undercor 
rection  could  potentially  be 
retreated  with  an  additional 
PRK.  However,  once  corneal 
tissue  is  removed  and  a  re3id\ia.l 
overcorrection  exists,  correc¬ 
tion  will  require  the  use  of 
glasses,  contacts,  or  more 
extensive  surgical  intervention 
such  as  corneal  transplantation, 
or  perhaps  future  laser  appli¬ 
cation.  Large  overcorrections 
remain  one  of  the  most  serious 
complications  and  have  been 
reported  to  occur  more  often  in 
steroid  responders  (20). 

Long-term  topical  steroid 
use;  All  patients  require  the 
use  of  topical  steroids  to 


minimize  the  corneal  haze  noted 
postoperatively  and  appear  to 
undergo  myopic  regression  if 
steroids  are  discontinued  too 
.soon  (3,21,22,29).  However, 
steroids  secondarily  delay 
normal  healing,  and  abrupt 
ces.sation  of  topical  steroids 
has  been  associated  with  dense 
corneal  scar  formation.  To  a 
certain  extent,  utilization  of 
this  medication  is  dependent 
upon  postoperative  respon.se. 
Some  patients  may  require  more 
prolonged  steroid  treatment 
than  others .  A  recent  double¬ 
blind  .study  supports  no  statis¬ 
tical  significance  associated 
with  either  anterior  stromal 
haze  or  ref.ractive  outcome 
after  6  months  following  PRK, 
with  or  without  steroids  (2), 
but  others  dispute  this  finding 
(3,21,22).  A  significant  rise 
in  intraocular  pres.sures,  asso¬ 
ciated  with  long-term  steroid 
use  (greater  than  3  weeks),  has 
been  reported  in  11-24%  of 
cases  (8).  Because  of  these 
issues,  topical  nonsteroidal 
axiti-inflammatory  agents  arc 
being  investigated,  but 
ultimately  may  not  be  found  as 
effective  in  reducing  corneal 
haze  as  steroids.  Clinical 
experience  with  respect  to  thi.s 
issue  continues  to  evolve. 

Decentration:  It  is  impor¬ 

tant  that  the  photoablated  zone 
be  reasonably  centered  around 
the  visual  axis.  However,  one 
of  the  most  disastrous  conse¬ 
quences  is  eccentric  ablation 
or  decentration  in  the  applica¬ 
tion  of  the  laser  energy.  This 
phenomenon  is  associated  with 
t-he  rao.st  serious  postoperative 
su*.'-jective  complaints, 
increased  postoperative 
astigmatism,  and  the  greatest 
loss  of  BVA.  It  has  been 
associated  early  on  with  5%  of 
cases  using  the  erodible  masks 
(20).  Althougn  it's  rare,  when 
it  occurs,  it  presents  a 
difficult  challenge  and  may 
ultimately  lead  to  penetrating 


keratoplasty  (corneal  trans¬ 
plant  )  . 

Decreased  BVA:  The  potential 
to  perinanently  reduce  BVA  post- 
operatively  has  been  recognized 
as  a  problem  following  PRK. 
Philosophically,  surgeons  define 
success,  VA,  and  scarring 
differently  following  PRK.  The 
factors  that  determine  postoper¬ 
ative  VA  are  basically  a  combi¬ 
nation  of  histological  corneal 
changes,  scarring,  related 
optical  factors,  and  a  reduction 
of  contrast  sensitivity. 
Regardless,  permanent  loss  of 
BVA  of  one  or  more  lines  after 
2  years  has  been  reported  to  be 
as  high  as  8%  of  cases  in  myopes 
with  less  than  -7.00  D  preoper- 
atively  and  12-184  in  individu¬ 
als  greater  than  -7.00  D  (8,11). 
It  is  important  to  realize  that 
this  has  been  for  the  duration 
of  follow-uiJ,  which  lias  been  as 
much  as  2  years  in  the  cited 
studies.  Improvement  with  time 
remains  a  possibility. 

Corneal  islands;  One  of  the 
optical  requirements  of  any 
corneal  sculpting  procedure  is 
that  the  resultant  refracting 
surface,  in  this  case  the 
anterior  corneal  surface  and  the 
reepithelialization  process, 
mu.st  be  smooth  and  clear.  One 
area  of  technical  evolution  in 
PRK  has  been  directed  at  con¬ 
trolling  how  the  laser  energy  is 
applied  to  the  cornea  to  smooth 
the  transition  from  normal 
cornea  to  ablated  cornea.  So 
far,  the  histological  response 
to  uniform  applied  energy  has 
had  some  inherent  unpredicta¬ 
bility  and  uncontrollability. 

In  general,  the  better  the 
transference  of  the  energy  and 
control  of  its  impact  on  the 
cornea,  the  better  the  post-PRK 
refractive  surface  that  remains. 
One  issue  concerns  irregular 
surface  impact  of  the  laser 
•secondary  to  poor  homogeneity  in 
the  beam  profile.  This  problem 
may  be  exacerbated  by  other 


elements  such  as  optical 
changes  in  the  mirrors  or 
optics  of  the  system  and  local 
tissue  effects  from  plasma 
shielding  (23).  Second-  and 
third-generation  excimer  lasers 
(i.e.,  the  mini-excimer )  are 
being  designed  to  improve  upon 
the  laser  energy  profile  and 
to  reduce  the  potential  for 
surface  irregularities  from 
homogeneity  of  the  beam.  These 
factors,  in  combination  with 
enhanced  algorithms,  will  most 
certainly  imprc‘'re  upon  this 
aspect  of  the  procedure,  but 
it's  too  early  to  tell  to  what 
extent . 

UVC  exposure:  The  excimer 
uses  193  nm  UVC  energy.  This 
wavelength  possesses  sufficient 
energy  levels  (6.4  eV)  to  break 
biological  and  chemical  bonds, 
resulting  in  the  formation  of 
free  radical  byproducts  in  the 
surrounding  tissue.  The  muta¬ 
genic  and  carcinogenic  poten¬ 
tial  from  this  process  is 
difficult  to  assess.  However, 
the  association  v^itli  the 
production  of  free  radicals 
from  these  types  of  energy 
levels  and  tumorigenesis  and 
cataracts  has  been  established. 
The  human  cor.nea  concentrates 
free  radical  fighters  such  as 
glutathione  and  vitamin  C  in 
the  anterior  stroma,  presumably 
to  counteract  this  phenomenon 
from  ambient  UVA  and  UVB  expo¬ 
sure.  Nonetheless,  there  is  a 
higher  association  of  cataracts 
with  chronic  sun  exposure. 
Whether  these  free  radical 
fighters  are  sufficient  to 
counteract  the  effect  of  the 
more  destructive  UVC  wave¬ 
lengths  long-term  is  unknown. 

T^T  ivcor»Mt?T^Tr»'a'r,  TOOTTica: 

The  formula  for  succe.ss  follow¬ 
ing  this  procedure  is  variable, 
dependent  on  both  objective  and 
subjective  criteria.  Surgeons 
might  define  succes.s  as  a  func¬ 
tion  of  the  final  VA  achieved 
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and  its  complications . 

Patients,  on  the  other  hand, 
may  define  the  success  of  this 
procedure  as  the  ability  to 
exist  without  the  encuiti)rances 
of  thick  glasses.  Their  new 
visual  status,  even  though  it 
may  be  associated  with  some 
subjective  complaints,  may  be 
well  tolerated,  given  the 
alternative.  On  the  other  hand, 
when  we  approach  surgical  proce¬ 
dures  aeromedically ,  these  per¬ 
ceived  minor  annoyances  in  the 
general  population  may  be 
seriously  magnified  and  become 
considerably  more  potent  and 
seemingly  disproportionate 
issues  when  related  to  aviation. 
For  that  reason,  it's  impera¬ 
tive  to  approach  some  of  these 
issues  differently,  engaging 
them  from  the  perspective  of 
their  impact  on  aeromedicti  I 
decision-making . 

Glare /haloes /haze/ starbursts/ 
dim  lighting/night  vision 
difficulties:  These  issues 

interrelate  and  were  discussed 
under  general  excimer  compli¬ 
cations.  However,  we  must 
consider  that  the  target  popu¬ 
lation  of  this  procedure  is 
clearly  intended  to  be  individ¬ 
uals  in  the  moderate  to  high 
myopic  range  (-2.00  D  to  -6.00 
D)  who  preoperatively  in  most 
cases  would  not  be  qualified  for 
entry  into  pilot  training.  One 
■nust  understand  that  within  this 
myopic  population  the  overall 
improvement  in  VA  more  often 
than  not  would  be  far  more 
desirable,  have  a  far  wider 
range  of  acceptance,  and 
generally  not  be  overridden  by 
any  secondary  glare  that  might 
be  involved. 

Glare  testing  remains  elusive  in 
many  respects,  and  often  is 
subjective  or  based  on  patient 
surveys.  Glare  is  clearly 
regarded  as  an  unacceptable 
element  in  the  aeromedical 
environment.  Glare  sources 
within  the  cockpit  environment 


can  be  additive  and  ultimately 
exacerbated  by  a  compromised 
final  refractive  window,  the 
cornea.  Present  studies  levetil 
that  30-50%  of  post-PRK  corneas 
generally  appear  "clear"  on  a 
slit  lamp  examination  and  are 
symptomatically  regarded  as 
“clear"  during  the  first  year, 
with  a  gradual  tendency  toward 
clearing  over  time  in  most 
cases.  Seiler  reports  glare 
and  haloes  in  some  post-PRK 
patients  despite  clear  corneas 
(6) .  McDonald  reported  objec¬ 
tive  corneal  haze  present  in 
64%  of  patients  at  1  year  (18) . 
One  primate  study  continued  to 
show  histological  changes  that 
produce  glare  still  present  at 
18  months  (16) .  There  is  no 
question  that  glare  improves 
postopera tively,  but  so  far, 
it  cannot  be  stated  that  it 
resolves  in  everyone,  either 
objectively  or  subjectively. 

in  one  recent  study  presented 
at  the  Summit  Excimer  Lase,r 
User  Group  Symposium,  51%  of 
PRK  patients  (myopes  preopera¬ 
tively  less  than  -6.00  D) 
complained  of  glare-disturbed 
night  vision  3  months  postoper- 
atively,  compared  to  14%  preop¬ 
eratively;  12%  were  regarded  to 
have  significant  problems 
driving  at  night  (24) .  At  12 
months,  38%  complained  of  minor 
disturbances  of  night  vision 
and  5%  significant  problems. 

One  alarming  study  assessed 
post-PRK  disturbances  in  night 
vision  to  be  present  in  78%  of 
its  patients  early  on,  70%  at 
1  year,  and,  and  2  years,  10% 
complained  sufficiently  enough 
of  glare  that  they  declined  to 
have  PRK  performed  on  the  other 
eye  (12).  The  etiology  of 
glare  and  haloes,  besides 
histo-logical  changes,  includes 
a  double  pupil  effect,  the 
sudden  contour  ridge  between 
normal  tissue  and  ablated 
tissue,  opti-cal  effects  from 
paracentral /corneal  islands, 
and  an  overall  reduction  in 
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contrast  sensitivity  following 
this  procedure.  The  double 
pupil  ettect  is  a  combination  of 
changing  pupil  size  relative  to 
PRK  plateau  size  and  optical 
changes  pro-duced  by  the  abrupt 
vertical  edge  at  the  termination 
of  the  PRK  zone.  Under  dimly 
lit  or  night  tasking,  these 
factors  combine  to  product- 
glare,  haloes  and  starbursts, 
all  of  which  impact  performance 
(1,25).  Gimbel  rep---.'t.i  patient 
survey  data  revealii.g  that  60% 
of  bilateral  PRK  pat.’ents 
reported  reduced  qualiti-  of 
vision  in  dim  light,  5  8%  re-duced 
vision  in  artifical  versu.s 
daylight,  and  50%  reported  night- 
driving  difficulties  (28).  Data 
collected  on  glare  and  haze  has 
been  variably  and  subjectively 
influenced  by  the  assessment 
techniques  employed.  Many 
studies  report  only  haze  greater 
than  trace.  Kim  et  al.  (1) 
reported  subjective  night  vision 
symptoms  in  21%  and  glare/haloe.., 
in  10%  at  1  year  post-PRK. 
McDonald's  (18)  data  has  been 
interpreted  clinically  by  some 
to  have  "virtually  all  clear 
corneas"  at  6  months.  Hov/e'i^er, 
89%  of  those  corneas  actually 
were  objectively  graded  to  nave 
trace  (barely  perceptible  haze 
apparent  only  to  trained  obser¬ 
vers)  or  1-h  corneal  h.='.''»  unild 
haze  not  affecting  refraction) . 
The  correlation  between  corneal 
clarity  and  its  impact  needs  fo 
be  further  refined.  Other 
studies  report  the  levels  of 
glare /haloes  at  1  year  were 
greater  than  trace  in  50%  of 
patients  following  PRK.  Within 
the  general  population,  trace 
or  less  glare  may  be  acceptable, 
given  the  uncorrected  alterna¬ 
tive  in  myopia,  but  within  the 
aviation  community,  unnecessary 
glare  can  only  be  a  negative 
factor  exacerbated  by  the  other 
glare  sources  inherent  in  that 
environment . 


Reduced  contrast  sensitiv¬ 
ity:  Both  induced  glare  and 

corneal  haze  would  be  expected 
to  reduce  the  overall  contrast 
sensitivity  of  the  eye.  VA 
standards  are  based  on  high- 
contrast  Snellen  targets. 

Under  lesser  contrast  condi¬ 
tions,  visual  function  is 
determined  by  contrast  sensi¬ 
tivity,  which  becomes  a  criti¬ 
cal  element  of  performance  in 
the  multicontrast  aviation 
environment.  Although  most 
countries  have  no  current 
aviatioii  standards  with  respect 
to  contra.st  sensitivity,  an 
individual's  ability  to  per¬ 
ceive  contrast  has  been 
recognized  as  a  critical 
element  in  overall  visual 
performance.  A  procedure  with 
the  potential  to  negatively 
impact  on  contrast  sensitivity 
must  be  carefully  evaluated  and 
monitored  until  suitable  scien¬ 
tific  work  documents  its 
impact . 

Sophisticated  contrast  sensi¬ 
tivity  testing  post-PRK  is 
lacking.  However,  using  the 
Vistech  contrast  sensitivity 
chart,  an  overall  compromise  in 
contrast  sensitivity  across  all 
wavelengths  which  has  persisted 
up  to  1  year  has  been  reported 
in  1  study  in  100%  -jf  patients 
post-PRK  (25).  Although  it  can 
be  expected  that  as  haze  within 
the  cornea  recovers,  contrast 
sensitivity  performance  will 
also  improve,  this  question 
has  yet  to  be  resolved  and 
remains  a  potentially  signifi¬ 
cant  issue  germane  to  the 
aeromedical  environn'ent ,  one 
requiring  a  determination  to 
be  made  after  longer  follow-up. 
To  do  so  prematurely  or  to 
accept  ill-defined  reduced 
contrast  sensitivity 
performance  in  prospective 
aviators,  until  it  is  fully 
understood,  seems  to  be  a 
compromise  in  rational  aero¬ 
medical  logic . 
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Structural  integrity/stabil¬ 
ity  of  refraction;  There  is  no 
question  that  RK  structurally 
weakens  the  eye ,  This  weakness 
occurs  by  virtue  of  the  fact 
that  nearly  90%  through-and- 
through  incisions  are  made 
deliberately  in  the  cornea  with 
a  surgical  knife.  PRK  removes  a 
thickness  of  tissue  upwards  of 
10%  of  the  total  corneal  depth, 
within  a  6-7  mm  zone  at  the 
corneal  apex.  Thus,  the  overall 
corneal  thickness  in  any  indi¬ 
vidual  is  reduced  by  an  amount 
depending  upon  the  intended 
refractive  impact.  Although  it 
appears  that  any  structural 
weakening  of  the  eye  induced  by 
PRK,  by  virtue  of  the  reduction 
in  thickness  and  the  unknown 
contribution  of  Bowman's  layer 
to  Che  cornea,  would  be  expected 
to  be  much  less  than  in  RK,  one 
cannot  predict  exactly  what  the 
corneal  rigidity  will  be  post- 
PRK.  Statements  regarding 
corneal  rigidity  or  strength, 
without  definitive  studies  to 
support  those  claims,  cannot  be 
made.  It  is  anticipated  that 
this  will  not  be  a  clinically 
significant  issue  and  that  there 
is  a  possibility  that  the  pro¬ 
cedure  might  "weld"  the  cornea 
into  a  stronger  structure.  The 
point  is,  we  do  not  know  yet 
exactly  what  occurs  post-PRK. 

There  is  a  hyperopic  shift  post- 
PRK  and  a  period  of  instability 
that  slows  over  a  3-  to  6-month 
period,  continuing  at  least 
1  year  and  sometimes  beyond. 
Studies  have  revealed  that 
refractions  may  continue  to  be 
unstable  for  up  to  26  months 
(19).  This  was  initially 
thought  to  be  the  case  v;ith  RK, 
but  we  liave  learned  that  these 
refractions  can  remain  unstable 
for  periods  of  .3-6  years,  and 
new  data  has  shown  that  RK 
corneas  are  susceptible  to 
altitudinal-reduced  refractive 
changes.  Although  the  surgical 
mechanism  is  different  in  these 
two  procedures,  we  cannot 


predict  what  the  aviation  envi¬ 
ronment's  impact  will  be  on 
post-PRK  corneas.  This  deter¬ 
mination  awaits  further  inves¬ 
tigation  . 

Epithelial/subepithelial 
integrity:  We  know  that  the 

corneal  epithelium  regenerates 
and  that  this  tissue  normally 
reattaches  to  a  basement  mem¬ 
brane  and  Bowman's  layer  the 
cornea.  PRK,  however,  removes 
the  normal  Bowman's  layer  and 
basement  membrane  over  the 
central  cornea,  forcing  the 
epithelium  to  reepithelialize 
over  ants''ior  corneal  stroma. 

At  this  iiterface,  fine  colla- 
geii  synthesis  occurs  as  vjell  as 
the  forma'  ion  of  new  basement 
membrane  material  somewhat  his¬ 
tologically  different  from  the 
original .  Bowman ' s  layer  does 
not  reform.  The  regenerated 
epithelial-stromal  interface  is 
hyperplastic  and  associated 
with  increased  fibroblastic 
activity  which  contributes  to 
this  collagen  synthesis.  The 
reformation  of  the  basement 
membrane  reveals  areas  of 
discontinuity.  The  presence 
of  Type  III  collagen  has  been 
confirmed  in  primates  by 
immunofluorescence  techniques 
(26).  The  long-term  sequelae 
of  this  new  histological 
alteration  of  the  cornea  and 
the  capacity  of  the  epithelium 
to  remain  attached  to  tha 
underlying  tissue  remains 
poorly  defined.  Recurrent 
erosions  or  loss  of  new  regen¬ 
erated  corneal  epithelium 
because  of  ineffective  connec¬ 
tions  with  underlying  tissue 
were  anticipated  to  be  a  more 
significant  problem  than  has 
been  the  case  so  far .  Several 
recent  observations  have  reas¬ 
serted  concerns  over  recurrent 
erosions,  but  short-term 
experience  is  encouraging . 
Epstein's  et  al,  (19)  observa¬ 
tions  have  forced  us  to  rede¬ 
fine  corneal  stromal  remodeling 
and  its  time  course  post-PRK. 
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Aeroinertic^jl  .1  y,  the  ability  of 
this  altered  eornea  to  support 
the  use  of  a  contact  lens  has 
operational  significance  that 
will  be  discussed  below. 

Endothelial  cell  layer:  The 
single  cuboidal  layer  of  endo¬ 
thelial  cells  on  the  innermost 
surface  of  the  cornea  serves  as 
an  osmotic  pump  to  remove  fluid 
hydrostatically  pushed  into  the 
cornea.  The  endothelial  cell 
population  is  fixed;  these  cells 
lack  ability  to  regenerate.  In 
the  presence  of  increased  fluid, 
the  cornea  swells  and  turns 
opaque;  hence,  without  the 
endothelium,  the  cornea  would 
not  be  able  to  remain  translu¬ 
cent  .and  becomes  edematous  . 
Failure  of  thhs  layer  to  main¬ 
tain  a  clear  cornea  uliinately 
leads  to  the  dt-compensation  of 
the  cornea  in  many  disease 
states  causing  decreased  VA  and 
a  potential  requirement  for 
corneal  transplantation.  PRK 
and  its  impact  on  the  health  of 
the  endothelial  cell  layers 
postoperatively ,  is  of  concern. 
Sc  far,  there  appears  to  be  no 
recordable  loss  of  endothelial 
cells,  although  in  some  animal 
studies,  there  has  been  a 
recoverable  transient  disrup¬ 
tion  of  endothelial  cell  density 
over  1  year  (27) .  The  produc¬ 
tion  of  electron-dense  granular 
material  at  this  layer  has  been 
demonstrated  in  certain  animal 
studies  and  has  raised  the 
question  regarding  the  etiology 
of  this  phenomenon  and  its 
relationship  to  PRK  (14).  There 
does  not  seem  to  be  the  problem 
with  the  endothelium  that  was 
anticipated;  however,  longer- 
term  follow-up  in  these  patients 
is  required  to  determine  the 
clinical  significance  of  the 
effects  of  PRK  on  this  cell 
layer  beyond  our  limited 
experience . 

Contact  lens  wear;  Because 
of  the  aeromedical  adoiJtion  of 
contact  lenses  operationa.lly  in 


some  countries  for  optimal  cor- 
rect.ion  of  refractive  errors 
(or  as  an  integral  part  to 
enhance  biological  coupling 
with  a  weapons  system) ,  the 
post-PRK  contact  lens  issue  is 
a  significant  one  in  aircrew. 
Recognizing  that  generally 
.^8-7  5%  of  the  patients  are 
reported  to  be  20/20  or  better 
uiicorrected  postoperatively, 
with  8(5-95%  at  20/40  or  better 
uiicorrected,  there  is  still  no 
question  that  a  considerable 
amount  of  residual  retractive 
errors  will  persist  and  require 
correction,  either  by  glasses 
or  contact  lenses .  Even  though 
approximately  75%  of  che 
patients  are  reported  so  fat  to 
have  postoperative  refractions 
within  +.1.00  D  of  eiiunetropia , 
it  appe,ics  that  40%  of  individ¬ 
uals  postoperatively  will  still 
require  correction  to  assure 
BVA.  In  the  general  iiopula- 
tiou,  the  importance  of  this 
issue  is  diminished,  but  aero- 
medically,  it  is  quite  signifi¬ 
cant.  If  operationally  some 
countries  continue  to  use  con¬ 
tact  lenses  iu  aircrew,  the 
health  of  the  corneal  epithe¬ 
lium  and  its  capacity  to  sup¬ 
port  the  use  of  a  contact  lens 
requires  serious  consideration 
and  evaluation  before  we  assume 
that  aircrew  will  be  able  to 
tolerate  these  lenses  at  a],l 
following  PRK.  To  date,  there 
is  limited  clinical  experience 
with  soft  contact  lenses  post- 
PRK.  Anecdotally,  clinicians 
involved  in  PRK  studies  have 
found  very  little  requirement 
to  prescribe  soft  contact 
lenses  in  their  patients  post  - 
PRK.  Simply,  they  are  just  not 
being  asked  tor  by  patients 
post-PRK.  Whetlier  this  means 
the  general  public  is  content 
to  have  residual  uncorrected 
post-PRK  refractive,  errors 
because  they  recognize  such  a 
tremendous  improvement  that  any 
subjective  VA  disturbance 
remaining  is  trivial,  or 
whether  glasses  suffice,  or 


neither,  remains  to  be  defined 
before  any  decision  is  made  with 
respect  to  PRK  in  aircrew  who 
may  operationally  require 
contact  lenses.  Will  post-PRK 
eyes  wearing  contact  lenses  be 
at  any  increased  risk  for 
corneal  ulceration  or  complica¬ 
tions  because  of  the  alteration 
in  the  histological  relationship 
of  the  cornea  post-RK?  Will 
they  be  able  to  tolerate  contact 
lenses  as  long  and  under  the 
same  conditions  that  have 
scientifically  validated  their 
operational  use  only  after 
exhaustive  clinical  research  and 
experience?  Additional  exten¬ 
sive  aetomedical  research  to 
jur.tify  the  use  of  contact 
lense.H  following  PRK  will  be 
mandatory  for  those  of  us  who 
continue  to  embrace  flying 
candidates  v;ith  refractive 
errors,  some  of  whom  will  cer¬ 
tainly  pursue  PRK  privately,  or 
even  if  at  some  imint  we  employ 
PRK  for  whatever  reason 
aeromedically . 

Maskiiig  myopic  reti.uopathy : 

It  can  be  anticipated,  just  as 
with  orthokeratology  and  RK  in 
the  past,  that  individuals,  in 
their  quest  for  expensive  mili¬ 
tary  aviation  training,  even  in 
countries  with  strict  entry  cri¬ 
teria,  will  fail  to  notify  the 
medical  screening  authorities 
that  they  have  undergone  PRK . 

In  fact,  without  corneal  topog¬ 
raphy,  it  will  be  extremely  dif¬ 
ficult,  if  not  impossible,  to 
detect  individuals  who  have  had 
this  procedure  done.  These  same 
individuals  would  have  been  in 
the  moderate  to  high  myopic 
category,  and  not  usually  wichin 
a  range  of  consideration  for 
flying  training,  even  in  coun¬ 
tries  with  lenient  refractive 
standards.  In  general,  this 
range  of  myopia  is  at  higher 
risk  to  develop  myopic  degener¬ 
ative  retinal  changes .  It  can 
be  anticipated  that  dilated 
fundus  exams  in  such  cases  might 
not  be  accomplished  according  to 


the  otherwise  normal  routine.^ 
recommended  in  such  myopes. 

This  could  lead  to  an  inability 
to  detect  early  myopic  changes 
such  as  tears  or  holes  that 
might  have  been  identified  and 
treated  earlier  and  puts  at 
risk  the  considerable  financial 
investment  made  in  what  was 
perceived  to  be  a  normal 
candidate.  It  would  be  foolish 
to  assume  that  everyone  who  has 
had  this  procedure  will  self- 
identify  during  the  application 
process .  Corneal  topography 
becomes  an  essential  tool  to 
identify  PRK  cornea,*;.. 

Double  pupil  effect:  Seiler 
reported  that  more  than  lot  of 
patients  treated  with  a  5-rom 
ablation  zone  report  haloes 
during  night  lighting  condi¬ 
tions  and  that  glare  .and  haloes 
aJ.so  occur  in  eyes  with  virtu¬ 
ally  clear  corneas.  Even  at 
2  years,  there  can  be  signifi¬ 
cant  glare- induced  visual 
deficits  in  eyes  corrected 
by  more  than  -6.00  D  (6)  . 
Although  many  factors  contri¬ 
bute  to  this  night  vision 
problem,  the  induced  double 
pupil  plays  a  role  under  dim 
lighting.  By  creating  a 
central  6-  to  7 -mm  plateau  on 
the  corneal  surface,  there  is 
the  potential  to  create  a 
situation  at  the  edge  of  this 
zone  v;hich  optically  comes 
into  conflict  with  the  dilating 
ljupil  under  reduced  light  con¬ 
ditions  .  This  sudden  contour 
cutoff  results  in  optical  dis¬ 
tortion  that  will  be  aggravated 
by  a  changing  pupillary  aper¬ 
ture,  creating  retinal  image 
degradation,  resulting  in 
glare,  blurring  and  visual 
confusion.  Other  paracentral 
corneal  effects  due  to  beam 
heterogeneity  (corneal  islands) 
contril  te  to  this  phenomenon . 
Night  aerations  in  a  high- 
I  hreal  environment  make  the 
cockpit  a  unique  environment . 
This  issue  is  fundanientally 
different  and  has  significantly 
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less  relevance  in  the  general 
population,  even  though  within 
that  population  we  do  see  prob¬ 
lems  driving  at  night  (in  one 
study,  10%  of  the  eyes  experi¬ 
encing  glare  chose  not  to  have 
PRK  on  the  second  eye) .  No 
single  issue  deserves  more 
attention  with  respect  to  the 
aeromedical  implications  of  PRK 
than  the  issue  of  night  vision 
difficulties.  Certainly, 
technological  improvements  in 
the  future,  in  both  equipment 
and  algoritiuns,  will  likely 
improve  on  this  phenomenon . 
However,  since  it  is  a  multi¬ 
dimensional  problem,  it  is 
anticipated  that  there  will 
still  be  considerable  potential 
to  compromise  night  vision. 

Given  that  functional  clinical 
tests  are  less  than  desirable  in 
assessing  this  performance 
category,  and  given  that  the 
nighttime  arena  will  undoubtedly 
remain  supreme,  at  least  ini¬ 
tially  in  any  future  contin¬ 
gency,  then  the  night  vision 
effects  of  PRK  should  loom  large 
in  our  decision-making  process. 

Mutagenic /carcinogenic /cata- 
ractogenic  potential:  The  same 
mu tagenic/ carcinogenic /cat arac- 
togenic  issues  associated  with 
UVe  energy  levels  apply  to  botli 
civilian  and  military  popula¬ 
tions.  We  cannot  begin  to  pre¬ 
dict  what  the  ultimate  impact  of 
this  radiation  will  be  on  the 
corneal  tissue  with  respect  to 
future  scarring  and/or  the 
development  of  metaplastic  or 
neoplastic  changes.  This  is  a 
completely  artificial  situa¬ 
tion,  because  normally  we  are 
not  exposed  to  UVC,  even  within 
operational  high-altitude  envi¬ 
ronments  in  or  out  of  the  cock¬ 
pit.  We  do  know  that  the  energy 
levels  associated  with  the 
excimer  laser  are  quite  high 
(6.4  eV)  and  are  intended  to 
break  chemical  and  biological 
bonds  within  the  target  tissues 
to  achieve  its  effect.  Unfor¬ 
tunately,  it  also  results  in 


the  formation  of  free  radical 
byproducts — the  tissue  "bad 
guys."  The  association  between 
free  radical  formation  and 
tumorigenesis  is  well  known. 

The  association  of  cataracts 
and  UV  is  also  well  known.  The 
role  of  free  radical  fighters 
present  in  the  anterior  corneal 
epithelium  and  their  ability  to 
overcome  this  induced  UVC 
threat  is  unknown.  Will  there 
be  an  epidemic  of  cataracts  in 
aircrew  5  or  10  years  down  the 
road?  Or  worse?  Are  we 
willing  to  take  this  chance  in 
.aircrew  based  on  what  we  know 
so  far?  The  long-term  after- 
math  and  sequelae  from  this 
procedure  with  respect  to  these 
issues  remains  unknown  and 
undoubtedly  will  do  so  for 
decades . 

Unknown  long-term  complica¬ 
tions:  This  issue  involves  a 

combination  of  unpredictable 
and  unforeseeable  variables . 

We  do  not  know  what  the  long¬ 
term  ramifications  of  the 
removal  of  Bowman's  layer  to 
the  central  cornea  will  be.  We 
do  not  know  what  the  long-term 
consequences  of  the  collagen 
formation  of  the  type  that 
occurs  in  response  to  PRK  will 
be.  We  do  not  know  if  the 
corneal  endothelial  cells  or 
any  corneal  layer  will  undergo 
later  degenerative  changes 
based  on  the  impact  of  this 
procedure .  Given  the 
mutagenic /carcinogenic 
potential  of  UV  radiation  in 
this  range,  we  can  only 
theorize  about  the  long-term 
consequences  of  the  energy 
directly  applied  to  the  eye. 

We  do  not  know  if  UVC,  adminis¬ 
tered  in  this  way,  will  have 
any  greater  impact  on  cataract 
formation  in  the  lens .  We  do 
not  know  if  any  residual  cor¬ 
neal  haze  or  scar  will  worsen 
in  the  future,  result  in 
changing  refractive  errors, 
induced  astigmatism  or  a  host 
of  other  potentially  vision- 
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debilitating  conditions.  We  do 
not  know  what  the  consequences 
o£  all  these  factors,  taken  in 
total,  will  be  on  an  eye.  What 
we  do  know  is  that  the  1-year 
stability  issue  has  been  chal¬ 
lenged  by  longer  observation. 

IV.  CONCLUSION 

We  can  all  peer  into  our  crystal 
balls,  touch  our  lucky  rabbit's 
foot,  and  be  optimistically 
predisposed  by  the  potential 
significance  of  this  exciting 
new  procedure  that  makes 
favorable  predictions  easy  to 
come  by,  but  we  also  must 
recognize  that  tliere  is  a  vast 
difference  between  acceptabil¬ 
ity  of  this  procedure  in  the 
general  population  versus  the 
aeromedical  coftununity.  One  can 
even  get  up  on  a  soapbox  and 
herald  warnings  of  pending 
ocular  doom.  The  fact  is,  none 
of  that  is  science. 

Assessment  of  PUK  and  its  issues 
obviously  will  take  many  years, 
and  during  that  time  caution 
should  be  the  byword.  Despite 
the  relative  inexperience  with 
this  procedure  and  the  data 
presented  based  on  only  a  fev/ 
years  of  observation,  there 
appears  to  be  no  question  that 
PRK  will  provide  myopes  with  an 
available  alternative  to  glasses 
and  conlict  lenses.  PRK  will 
undoubtedly  become  routine, 
proven  technology,  providing 
that  unacceptable  complications 
do  not  arise.  However,  the 
applicability  of  PRK  to  pro¬ 
spective  aviation  candidates  and 
exquisitely  trained  assets  is  an 
entirely  different  matter.  I 
can  find  no  medical  rationale 
suppoi"ting  a  procedure's  appli¬ 
cation  to  a  potential  aviation 
candidate  pool  while  it  i.s  -still 
clinically  evolving  and  aero- 
medically  unnecessary.  It  must 
be  remembered  that  we  should 
approach  aviation  candidates 
from  the  perspective  of  a  Jong- 
term  investment .  They  are 


expensive  and  important 
resources  who  are  becoming  even 
more  critical  as  our  air  forces 
drawdown.  (Hopefully,  they  will 
not  become  an  endangered 
species!)  No  one  can  forecast 
whether  an  individual  who  has 
received  a  PRK  is  a  good  can¬ 
didate  for  graduation  from 
flying  training,  let  alone 
provide  a  return  on  the  tremen¬ 
dous  financial  investment  made 
in  that  individual .  What 
little  is  known  and  the  vast 
majority  of  what  is  still 
unknown  about  this  procedure 
should  dictate  that  medical  and 
fiscal  prudence  be  the  rule.  I 
do  not  believe  that,  a.s  aero- 
visual  scientists,  we  should 
aggressively  challenge  our 
standards  with  a  new  and 
unknown  area  of  science, 
circumventing  sound  medical 
judgment,  and  allow  tliese 
individuals  to  fly.  If  we  are 
interested  ii.  selecting  the 
best  possible  candidates,  given 
the  realities  of  the  diminished 
training  allocations,  there 
ai>pears  to  be  no  need  to  con¬ 
sider  a  procedure  and  all  of 
its  ramifications  and  potential 
problems  in  our  specialized 
population.  It  makes  more 
profound  seiise  to  approach  this 
procedure  conservatively  from 
the  sidelines,  to  analyze  it 
with  respect  to  our  unique 
niedicai  environment,  and  to 
make  an  informed  but  highly 
specialized  decision  only  after 
we  have  satisfied  ourselves 
that  the  procedure  is  abso¬ 
lutely  safe  and,  hopefully, 
predictable.  In  the  meantime, 
we  should  advocate  for  a 
unanimity  of  opinion  against 
the  appropriateness  of  tnis 
procedure  in  aircrew.  Any 
endorsement  less  than  this 
is  a  Pandora's  Box  that,  once 
opened,  will  be  difficult  to 
close,  on  sheer  inertia,  as 
vast  numbers  of  individuals 
receive  PRK  in  the  future  and 
challenge  our  standards .  If  we 
do  it  for  one,  what  stops  us 


from  doing  it.  for  all?  Until 
further  issues  evolve,  we  should 
maintain  a  diligent  watch  but 
continue  to  regard  PRK  as 
disqualifying  for  flying. 

PRK  truly  warrants  recognition 
for  its  outstanding  technologi¬ 
cal  contribution  to  ophthalmol¬ 
ogy  and  many  accolades  are 
deserved  by  those  visionaries 
who  developed  it.  However,  I 
draw  the  line,  at  least  for  the 
moment,  in  its  applicability  to 
aircrew.  Personally,  I  hope  the 
procedure  continues  to  evolve 
and  becomes  the  ultimate  solu¬ 
tion  to  myopia,  because  I  have  a 
son  with  -2.00  D  of  myopia  who 
wants  to  be  a  USAF  ti.ghter 
pilot ! 

I  will  end  with  a  phrase  that 
appears  in  some  form  at  the 
conclusion  of  many  of  the 
.'■•tudies  and  papers  published  on 
PRK:  "'^he  accuracy  of  a  single 

treatment  of  PRK  is  acceptable 
and  stable  over  a  short-term. 
Longer-term  follow-up,  however, 
is  needed  to  assess  the 
stability  of  the  result  over- 
mu  i  t  ip ie  year  .5  "  ( .?  0  )  . 
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SUMMARY 

Tlx-  Czech  lastituto  of  Aviation  Medi¬ 
cine  deals  witli  the  practice  of  mcfU- 
cation  ol  ainren  without  tlie  prohibi¬ 
tion  of  active  flying  ovc-r  25  years. 
Tlx!  cxjxirionce  witli  medical  treabix-nt 
of  420  airmen  during  the  I '182- 1993  (x:- 
riod  is  presented  in  details.  Main  re¬ 
ason  for  entployiiient  (jf  tliis  [folicy  fo¬ 
llows  from  tile  successful  nvmagonvent 
of  initial  stages  of  primary  hyixirton- 
sion  as  well  as  of  other  health  dis¬ 
turbances.  Hypertension  counts  for 
57,9  %  of  all  cases  liable  to  medica¬ 
tion,  bccing  most  often  started  in  tlie 
second  half  of  tlic  fiCtli  and  first 
lialf  of  tlie  sixtli  decade.  Mean  durati¬ 
on  of  nxdication  took  3,4  years  loadi¬ 
ng  to  tlio  overall  prolongation  of  ac¬ 
tive  flying  for  2,9  years.  A  combina¬ 
tion  of  two  antih'i'pert.cnsLve  agents, 
viz.  die  diuiotic  and  the  beta-blocki¬ 
ng  agent  ajitii-ars  to  l.'o  the  most  effec¬ 
tive  motliod. 

Aiiong  otlior  froqucntly  applied  phamin- 
ceutlcal.s  liypolipidaomic  iind  li(-|>ato- 
protoctivo  agents  along  with  vitamin 
txaiiixxind  reiiicdios  .sliould  be  included. 
Tlie  introduction  of  medication  must 
procedo  a  tlicurough  medical  .uiU  p.sy- 
eiiologiccil  examination,  rcix-ated  prior 
to  waivorod  certification.  Regular  ob¬ 
servation  perfonix  d  by  a  flight  surge¬ 
on  or  a  liconciod  acratiedical  examiner 
is  litindatory.  With  observance  of  rcs- 
paisi.blo  policy  the  preservation  of  an 
airman  in  active  duty  despite  his/lier 
medication  briiigs  significant  economic: 
as  well  as  scx-inl  benefits  without  die 
flight  safety  imiiairment. 

I _ INTHOUUCITON 

An  aixiiwn's  training  belongs  to  tlic- 
mo.st  exfx-nsivo  activi  l  ies  in  prci[)nring 
a  man  for  professional  career.  That  is 
wliy  aeranodical  autliorities  make  cxinsi- 
dcrable  effort  to  select  only  those  ap¬ 
plicants,  who  provide  a  guarantee  for 
kc-oping  up  their  career  in  active  duty 
for  a  sufficiently  long  time.  Semewhat 


different  attitude  is  adopted  tov;ards 
tlic  fully  trained  and  experienced  air¬ 
men.  Tlie  procxiss  of  aging,  negative 
lite-style  habits  and  permanent  stress 
accompanying  tlie  airman/s  profession 
can  end  tiio  carexer  because  of  health 
troubles  even  in  a  considerable  earli¬ 
er  age,  than  was  originally  planned. 
Uespife  preventive  orientation  of  avi¬ 
ation  nxdicine  die  hoaltli  of  saive  air- 
nen  cvor.sone  iiuny  years  prior  to  tlic- 
natural  leaving  of  his/lior  occut»tion. 
Mast  of  tlieni  liave  no  subjective  caii- 
Iilaints  and  kcxi['  tlieir  niotiv,il-ion  for 
flying  at  liigh  Ic-vcl.  Significant  num- 
Ixir  of  tlioso  ainix-n  can  he  rc’lievod  of 
tlieir  caH|jl.iints  by  a[)irlication  of  ef- 
fcx'tivo  piianiucouticals .  A  sophi.sLicra- 
ted  ainrroach  of  acroncdical  specia¬ 
lists  c:an  significantly  prolong  profe¬ 
ssional  loiigi'vity  of  aimen  without 
direatening  the  flicilit  safety. The  pro¬ 
blem  considering  flying  with  iiedica- 
tion  has  been  inanagcxl  seriously  in  ma¬ 
ny  countrir-s  during  the  last  two  deca¬ 
des.  Valuable  information  frail  n.-so - 
arch  laboratories  as  wc-ll  as  fraii  ae- 
raivodical  practice  was  collected, which 
CTii-icntly  allcrws  to  evaluate  this  pro¬ 
blem  rationally. 

2  iiACKfIKUUNU 

The  InsLlLuLe  of  Aviation  Medichne, 
Prague  since'  its  foundation  in  I'f'i 
provides  cximpk'te  aeromcdical  heal  Hi 
service  for  all  groups  of  military  and 
civilian  flying  [ler.sonncl.  Along  witli 
ordinary  aerairdical  ex.miination  of 
all  professional  and  non-professional 
aimen  and  air  traffic  controllers  it 
also  provides  a  tJiorough  examination 
of  all  crownoiibc?r3 ,  disfiatched  by  fli- 
glit  surgeons  or  aviation  :i:  -dica.l  exa¬ 
miners  with  a  susfxjction  ol  serious 
liealth  disorder  .Regu I arly  this  exami¬ 
nation  is  fx;rfoinnc.d  at  tlie  bed  ward 
of  tlie  institute  Cor  a  few  days. 

Wlicn  a  disease, requiring  medication  is 
diagnosed, standard  p.'ocoduie  with  pea- 
ticipation  of  many  aeromcdical  sixcia- 
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lists  takes  t)]oce  iindor  the  suixstvisi- 
on  of  Aeromadicisl  Hoard. Tlie  Gjqserieiicc 
obtained  in  the  course  of  3  decades  in 
tills  field  is  presented. 

It  shou.ld  be  hardly  statc2d,  tliat  nol»- 
dy  should  perfonn  in  flying  or  A'liJ  du¬ 
ties  while  booing  influenced  by  any 
drug,  wliich  may  have  an  adverse  effect 
on  his/lier  [xir  famnnco,  unless  Aorento- 
dical  Board  gives  o  consent  to  sucli  an 
o.xcoption  (8),  All  physicians,  dealing 
with  aircrew  membors  or  KK  staff  are 
usually  awai'c  of  tlic  [xatcntially  neqa- 
ti.VG  effects  of  whntcvt'r  phaninccuti- 
aal  tlioy  pre.scribo.  In  any  case  tliey 
ore  obliged  to  infonn  tlio  flying  per 
sonncl  of  all  possible  side-ofj  octs 
and  of  tlio  hazard  of  contingent  self- 
medication-.'lamtiniGs  problems  can  ari-- 
so  with  mcdicaaicrito,  freely  available 
witliout  medical  prescription  in  Czech 
ro[>ublic  ocassional.ly  minor  pret  'nit; 
■aj’ine  when  a  ixrl.cntially  risk  nedica- 
nrrnt  i.s  proscribed  to  an  ai’iiiiw  by  a 
prarititioncr ,not  f.imiliar  with  aevcine- 
dical  rules. 

i'ir.st  st('ps  in  nuiUcation  of  aviation 
fX-U'sonnol  imde  thc>  Institute  ol'  Avia¬ 
tion  Mtxiicine,  fi-ague  in  the  curly  so-- 
v(’ntie:'3(  1 ) .  A  quostiotmairc  (or  n'cei-- 
ving  a  basic  infonration  on  tlio  home- 
use  of  ncdicami?nt.s  by  iihlitiiry  pilots 
wa.s  sent  to  212  wives.  Sulrsuquently  a 
tablet's  identification  to.st  witli  a 
group  ol  70  [lilcrt;  and  70  g round -[xt- 
■sonncl  wafi  ixaloniKxl.  It  followod, 
that  20-41  ^  of  military  pilots  arc 
prone  to  the  .solf-flxdicatloii,  iminly 
in  tile  ea.se  of  noadacho  or  cannon  cold 
Ordinarily  aivilqcsics,nuinly  witii  bar¬ 
biturate  caii|.xmi;'nt  and  (kxxrngestive 
nsivxli.es  were  used 

In  t-l’.i,'  middle  of  seventic.s  the  iiither- 
to  e2<}xa'ience  witli  nurdication  of  14 
pilot.s  and  3  ivivigiitcri's  in  tlicr  course 
of  previous  7  years  was  a;itiraisod.  I’i- 
ve  hyj-iei’tensive  pilots  were  Innjatoil 
with  thiazide  in  canbination  with  di¬ 
hydralazine-  resc.'ipino  .  I'tiur  pilots  ad- 
iiiini.stercxi  oral  liyiwglyeaemie  agent:; 
due  to  a  mild  font  of  diabete.s .  four 
[)ilot.s  W(?re  treatcxl  with  aniiitulxarcu  ■ 
lotics  (PAS  I  [NO)  ;ind  reniiining  four 
oamicrc.ial  pilot  WLire  tr«ilod  with  an¬ 
ticoagulants,  antisclerotic  and  vaso- 
dilatatinc)  pluniHceuticalS .  In  iio  case 
a  delotorious  elffjct  of  medication  on 
flight  safety  was  noted  (2). 


Another  valuable  study  was  set  ufi  by 
Sdiamroth  ot  al .  in  1977  (3).  The  re¬ 
sults  of  medical  treatment  of  96  hy- 
pc'i'tonic  ainien  with  mean  age  of  46,5 
years  v«re  given.  Sate  of  tliat  liave 
been  contro.l  led  up  to  10  years .  The 
waiver  enabled  tliaii  to  fly  for  furtlier 
249  years.  Another  group,  consisting 
of  61  aviators,  was  treated  for  vario¬ 
us  diseases,  viz.  for  liyjxirlipidaairia, 
hyperuricaemia,  glucose  tolerance  dis¬ 
orders,  arrhytlimias ,  hcpatoixities  and 
thyropatios.  The  nnnn  age  of  referrcxl 
group  was  44  years,  modi  cation  lasted 
from  2  to  8  years,  'i'otal  prolongation 
of  active  flying  reached  127  years. 

Basal  on  similar  encouraging  caimini  - 
cations  from  the  literature  (4,5,6)  a 
prograiimu  for  the  regulated  practici' 
of  inudicanentous  treabiont  of  aviation 
fx’rsonnol  w.itliout;  interference  in 
tlieir  flighi  activities  was  draivn  uji 
in  the  17-aguo  1AM  over  12  years  ago. 
Main  attention  was  paid  to  the  stal 1 
with  liyjx.'rten,sion  disaase,  but  also 
(jther  d'isoi'clers  were  emljalii’d  into  Llie 
jirograiiiixi.Obl jgatory  r(,xgijiK’n  was  esta¬ 
blished,  lxi.sed  on  followinci  rule's: 

1.  M'he  disease  without  mxlicaLion 
vxiuld  have  worsened  tind  in  the  gmix’ 
way  would  lead  to  an  indefeasible  di.u- 
gua.l  ific;ition. 

2.  The  lU-xlication  sl.cart(.xl  in  tlie  cour- 
.s(.'  of  toiiixjrary  ejounding  in  the  in:;-- 
tituLe  and  it.s  e'rfcct  wa:-;  carefully 
nonitored. 

3.1’ot.ential  (jfloeT  on  im'iU'al  functions 
W.1S  objectively  dc'termini.xl  by  re[x'a-- 
ted  psychological  ti'si.s. 

4.111  pilot:;  of  single- s;e.it  aircraft:;  a 
fj-eadmi  ll  tc.'st,  tilt  (.able  test  ;uiri 
liyfxjxic  i'.esl:  were  carried  on  [iv.ior  to 
tlie  fiivil  a,':H»roval  of  midical  fitne.ss. 

5.  In  cas'e  of  the  s.c.  risk  factors 
occur  ence,  such  rt.s  obe.sity,  low  physi- 
<.2il  fitnesjs,  smoking,  alcoliol  jiront'- 
ness  etc.,  ixrtiont  was  informed  ol  tlie 
ncccssii.y  Lc  keep  the  in  incipies  of  a 
soul  rd  li  I'c'  -styl  e  ■ 

6-  Airmen,  wlio  did  not  submit  to  irv'n 
tioned  regulation;;,  were  apprise iab-xi 
a.s  unsuitable  for:  flying  duties. 

In  tlie  pasl  12  years  420  av.iat  ion 
[X'rsonnel  irrsnlxirs  wr'n;  fol  lowxl  in 
tiir'  17V4,  Prague  due  to  l.he  rix.xlication 


.in  the  course  of  active  f. lying.  Tab¬ 
les  1 .  and  2 .  indicate  tosic  charac¬ 
teristics  of  tlio  group.  Total  nuiiber 
of  indlcat.ions  is  greater  than  tlie  to 
tal  of  pilots, as  sane  individuals  SU¬ 
IT  or(?d  from  .tore  diseases.  Though 
tile  iivean  dui.'ntion  of  medication  is  by 
no  moan.s  long,  it  can  substantially 
prolong  tlic  profesajonal  career  and 
in  iiviny  ocaisions  altxDws  tliy  flyer  to 
terminate  liisAicrgjrofession  in  regu¬ 
lar  term- 

Mild,  borderline  or  but  degree  hyper- 
tenaion  representod  nearly  iialf  of 
all  indications.  Siiirilar  rc'suits  were 
obtainid  by  King  ut  al .  (!i)-  Thi'  in¬ 
cidence  of  hyix'rtension  is  close]  y 
associated  with  progressing  age  (7,11 
12,13).  As  Table  3  demonstrates,  57,9 
l-or  cent  of  mciiicatcd  hyiiertonsiuo 
aiinnon  fell  betwiv'n  the  ninge  of  50 
to  60  years. 

Ta).iJ.e  4.  dix:unk;nts  in  more  dt.'Lai)  the 
duration  of  ti'catment  ol’  252  hyixjrto- 
nics  Muximujii  ainiier'  wore  treated  from 

I  to  5  y.iar.s,  starling  at  the  ago  49 
to  54  y.'ar.s.  Over  tliis  margin  tJioir 
number  foil  gradually,  a.s  thc'y  afipro- 
aclud  the  ond  of  pi ofass tonal  0(;nx.>r. 
.In  must  bo  stressed,  tliat  33  piJots 
(13  %)  iuid  49  non-pilots  (19  %)  flow 
witii  waivi'i-xid  certificates  for  6  to 

I I  years ! 

'ftiblc  5.  gives  an  aooount  oi  tiio  the'- 
roiwuti.ca]  strategy.  Most  ofton  l.lio 
oaiibbiation  of  two  romodios  was  clio- 
.son.  It  minijiviliiK.d  undo.sirable  side 
c?ffoct.s  ;md  at  tlu.’  some  time  it  ixir- 
mittcxl  to  suffice  witli  a  low  do.sagc 
.scliaiiu,  wliat  makes  the  therapy  UiUcli 
safer  Iran  tlio  aeranodJcal  [xii.nt  of 
vicw.'Jtio  treatment  was  always  startcxl 
iindor  the  "start  low,  go  on  slow"  nj- 
le.  The  first  elioice  medicnmL?nt  in 
iiust  case.s  was  a  thiar.ide  in  a  dexso 
of  25-50  mg.  .Saivetimes  ;ui  original 
Cxech  non-.seiective  bctu-blocker  iiv?- 
tiprazol  ( Itiniepranol  )  o^xmod  the 
tocrapy . 

In  two-oembination  therapy  botli  men¬ 
tioned  ijrofxnrations,  or  a  diiazide 
witli  calcium  cliannel  blocker,  or  a 
calcium  diannol  bloc:kor  witli  beta- 
blockj.iiq  agent  weire  used.  Since  late 
80tios  the  nai-seiccti VO  beta-  bloc- 
lairs  wore  gradually  changed  for  pro- 
fxrrations  with  sebxitivc  offtxit  and 


tliiazides  were  substituted  by  [jotass- 
ium  saving  agents,  as  eimilorid  (Modu- 
retie,  Amiclaran  etc. ) ,  Nowadays  me- 
toprolol  (Uetaloc),  atcno.l.ol  Cltnor- 
minl,  bopindolol  or  pindolol  are  pre¬ 
ferred,  together  witli  nifodipin  (ttor- 
dipino)  a.s  the  first  choice  means. 
Currently  isoptin  ( Verapaiiu'.!  SR  240) 
seems  to  be  of  value  as  a  safe  and 
reliable  medicament . 

Tliroo-cxmibination  therapy  has  Ixion 
indicated  only  in  19  cases,  Ixiscxl  on 
oanbiikition  of  diuretics,  bota-bloc- 
kers  and  calcium  antagonists 

Side  or  adverse  offc'ct  in  tlie  course 
ol  tlie  long-lasting  indication  gene¬ 
rally  have  boon  rare  and  mild. In  only 
a  low  car.e.s  calcium  antagoni.slis  pro¬ 
voked  mild  crural  oodcmri,  without  the 
necessity  of  interruption  of  treat 
m.'iit.  The  al  fixation  cli.sap!X'nrcd  in  a 
short;  time  after  dose  loitering. 

besides  h^ixirtt-iision  a  group  of  103 
fli.ers  underwent  similar  procedure 
duo  to  other  diseases .  Tliey  shared 
equally  botwi.en  metalxal  ic  disorders, 
he[>atoixitie.s  and  otlvur  diseases.  Me¬ 
tabolic  disonli'rs  wl'cc'  rcpre.sc'ntud 
with  hyixerlipidaeiiiia  and  hyix-'i'urionc'- 
min.  lncldoni;e  of  Uiesc  disorders  is 
often  a.sK(x;iat.xl  witli  an  unlicalthy 
way  of  life.  AiniK'n,  dioue  daily  food 
intaki'  exexd.s  tlie  sanitaty  nonii,  are 
liable  to  suffer  from  imintioncxi  diso¬ 
rders  (14).  bijith  disorders  wore  quite 
camion  among  Czechoslovak  ainiion  al  - 
tei'  loacliinq  tlie  aac  of  40-50  years. 
Wlicii  a  mild  elevation  ol  uric  acitl 
Icvel.s  was  famd  out,  hiw-ixjrine  diet 
.uid  alcohol  prohibition  wen'  preseri- 
bod.  Only  if  the.se  simple  iirasuros 
proved  ineffective  and  tlie  .sorum  le¬ 
vels  of  uric  af.:id  |x?niianenLly  uxeix^- 
ded  500  uitoI/1  ,  troatiient  with  allo- 
[lurxnol  was  started.  Reversion  to 
nonnal  levels  was  reached  in  all  ca¬ 
ses-  There  was  no  tv.vd  to  discontinue 
tlie  drug  .aixl  no  attack  of  gout  was 
obseivcd  as  well. 

Abnonno  I  itios  in  serum  lipides  profi¬ 
le  wore  of  the  sanr.'  origin,  a.s  was 
tlio  liyixxruricaeiiiia.  WilJi  regard  t;o 
WHO  olas-sification  (15)  tyixis  11a,  11b 
and  IV  liavo  Lxx*n  found.  Bcs.i.do  the 
prescription  of  dietary  regimen, 
weight  reduction  and  nlco''iol  re.sctri- 
ctionjhiTxxliiiidaeiatc  drugs  were  u.scxl. 


Favourable  triglyceride-lowering  ef¬ 
fect  was  reached  with  clofibrate, 
fenofihrate,  beaafibrate  and  genifi- 
brosil,  as  well  as  with  cholesterol 
lowering  drugs  cholcstyramin  and  HM3 
CoA  reductase  inhibitors  (Mevacor). 
All  nedicaircnts  were  administered  in 
usually  recomnended  doses ,  Only  one 
case  of  mildly  elevated  transaiTii.nases 
(SGPr,  SGOD  level  for  a  period  of  3 
months  in  tlio  course  of  Mevacor  euro 
was  observed.  During  the  next  6  mont  ¬ 
hs  their  levels  returned  to  normal 

values, in  part  due  to  doses  , 

lowering. 

8  airmen  with  2rci  tyjxa  diabetes  v;prc 
niedicatcxl  with  various  fjororal  liypo  - 
glycaemi.c  agents  and  diet. 

Hcpatoiiatics  sliared  with  13,3  4  at 
tlie  nKidltamcntous  treatment  Most  of 
tlicm  were  represonted  by  livc'r  stc-a 
tosis  and  steatofibrosis ,  Mostly 
tliey  ai^xsired  at  tlic  ago  of  33-45 
years  AiJt.iroxinvitc'lly  in  20  %  they 
were  verified  by  liver  biopsy.  'liv 
disorders  were  ofizun  associ.ated  witli 
obesity,  hyix?rlip.idaciuia  and  other 
consequences  of  going  tlirough  viral 
inrt\:ti«n.s.  Along  with  dietary  mvi- 
suies  haiKito|)rotective  agents,  as 
Essontiale,  Aicorat,  Icgnlon  and  vi¬ 
tamins  were  prcscri.bTd. 

Tlic  rojiu’ning  .subgroup  canpri..sad  of 
65  individual.s.  13  were  treatecl  for 
an  enlni'geiix-’nt  of  thyroid  gland  of 
different  origin  and  thyroiditis. 
Except  of  two  all  of  tlian  were  flig- 
lit  attondats.  Various  caiibinations 
of  suppressive  or  .suiistitutivo  trea¬ 
tment  were  successfully  appl.ied. 

A  similar  number  (12)  ol'  airmen  was 
treated  duo  to  atlierosclorosis  of 
peribieral  arterial  tree  in  initial 
stage  Remedies  witli  platelet  anti 
aggregation  effect, as  acetyl osalicy- 
lio  acid,  dipyr.idamol  and  xantinol 
ni.coti:iatQ  wex'o  used.  The  risk  fac¬ 
tors  ei.Tjnination  v.'as  a  self  evident 
fart  of  tlio  therapy.  Patient  vdio  re¬ 
fused  to  stojj  smoking  were  elimina¬ 
ted  frail  the  "Clying-do.spita-nKxlicn- 
ticn"  proqraiuiie 

Four  ai  nnon  with  chronic  bronchi  tis 
and/or  broncliial  astlimn  were  medica¬ 
ted  with  fjororal  aminofihylino  and 
with  ketotifcai  (Zaditen)as  a  prophy- 
la.cti.cal  rit-xm.s  for  prevention  of 
bronchial  asthna  attack. 


One  pilot  was  sucrass  fully  treated 
wiUi  ferric  .supploiientation  and  vi¬ 
tamins  duo  to  post-haemorrhage  anae¬ 
mia  AnotJicr  pilot  v;ith  Hodgkin  lym¬ 
phoma  in  resting  state  was  medicated 
with  hepatoprotective  agents  and  vi.- 
tamins.  One  pilot  .suffering  from 
id.iopat]iic  proctocolitis  was  cured 
witli  sulpliasala^ine  in  lov;  doses . 
Allylestronolum  (Turinal)  was  pres¬ 
cribed  to  the  fiilot  with  prostate 
hypertrophy.  Tlirce  ainnon  wore  medi¬ 
cally  treated  witli  non-steroid  anti- 
rhounntics  Cor  ostco-artlirosis  .  In 
no  case  of  above  mentioned  rncdicat.i- 
on  any  unfavourable  side  effects  or 
flight  safety  imfiainncnt  were  obser¬ 
ved. 

'I'lio  rest  ol  a: mif-'n  .suffered  fran 
various  liealth  troubles  of  transient 
cliaractor,  and  their  medication  was 
(jovoi  nod  with  various  .sfxxiinl  i  sts. 

3_  msn'gsiuN 

similarly  to  the  situation  in  air 
industry  of  othoi'  countries,  oven 
.in  C/.ech  ref>ublic  tJie  hyiiertension 
represent, s  a  serious  threrat  from  the 
fwint  of  wiov  of  airmen  .s  [rrofessio- 
ml  longevity.  'l.re  ofl'ort  to  .safe 
Urose  sfxaciali.stis  in  the.i  r  or.i.yinal 
wrjrking  classification  lead  in  ixast 
year's  to  the  revaluation  of  earlier 
strict  rosistence  to  tln.:ir  medical::.  - 
on  in  the  course  of  flying.  In  mo.st 
Ceases  the  nKxiicntion  brings  to  the 
affected  individual  back  to  the  full 
-value  life.  At  the  same  tiiix.'  the 
accessibility  of  new  soirhlstieatcxl 
phanrercr’utical  product  s  with  minimum 
side  effects  siiiits  tire  aor'onvcdical 
sixicialists  opini.on  in  a  more  j.'rag- 
iiatic  and  ralirjnal  dirnction. 

57,9  %  of  all  nK->dicatod  alnm'n  were 
liandicaf»d  with  moderate  to  mild  hy- 
pGrtens.ion.  S.igniricant  rise  of  in¬ 
cidence  and  prevalence  of  hyperten¬ 
sion  ccxnos  on  at  the  Ixqiiming  of 
tire  5th  decade,  i  o  at  tire  top  of 
profossional  nvistery  of  af  foetal  in¬ 
dividuals  Cases  with  secondary  hy¬ 
pertension  were  not  included  The 
iredication  was  always  iniciatc'xl  in 
hospital  (institute)  reghiien.  Fach 
airman  underwent  a  detailed  cardio¬ 
logical  examination  along  wi  th  sfre- 
cial  entry'  ^rsychological  investiga¬ 
tion.  Later  on  the  most  suitable  me- 
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dicamcnts  were  prescribed.  As  menti¬ 
oned  above  for  most  cases  a  combina¬ 
tion  of  two  drugs  was  indicated. Best 
results  were  reached  with  joint  apfj- 
lication  of  diuretics  and  beta-bloc- 
kers.  Undesirable  effects  of  tliiazi- 
des  on  glucose  tolerance, electrolyte 
profile  or  lipid  patterns  were  rare 
and  in  every  case  mild.  Psychologi¬ 
cal  inve.stigation  revealcxi  type  A 
behavior  in  most  individuals.. 

Before  giving  a  waiver  each  medica¬ 
ted  individual  underwent  two  additi¬ 
onal  exandnations  by  a  psychologist: 
one  after  3-4  weeks  of  ncdication 
and  the  second  after  3  months .  All 
airmen  were  regularly  checked  by 
their  flight  surgeons  or  aeromedical 
examiners  every  3  montlis.  If  necess¬ 
ary,  they  were  readndtted  to  tlie  lAM 
and  furtlier  examination  along  with 
appropriate  arrangement  of  medicati¬ 
on  was  provided  observing  the  de¬ 
scribed  algorithm. 

Bffoct.ive  control  of  hyporotonsion 
contributes  signi.ficantly  to  tine 
slowing  down  of  organic  changes,  of 
tlie  progro.ss-i.on  of  abherosclerotic 
alterations  including  its  complica- 
cations  as  well  as  of  the  retardati¬ 
on  of  Irani  fest  heart  exuonary  dlsoa- 
SG .  One  could  speculate  mxai  tlie  po- 
s.sibility  of  even  more  succ'essful 
effect,  if  tlie  medj.catcd  airmen  would 
be  more  prone  to  tlie  change  of  tlioir 
undesirable  life-style  habits.  In 
tills  respects  the  results  are  not 

satisfactory  enough. 

Despite  these  difficulties,  the  con¬ 
tribution  of  seloctcxl  approach  to 
the  problenatic  of  iicdication  in  ac¬ 
tive  flyers  must  bo  rated  highly 
IxDth  to  tho  operational  and  to  the 
individual  benefits  The  entire  gain 
in  performing  of  active  fly.lng  rea¬ 
ched  1204  years-  No  less  important 
is  tlic  delay  of  the  developiient  of 
organic  atliorosclerotic  impaimvent, 
particularly  of  heart  coronary  arte¬ 
ries,  brain  as  well  as  kidney  arte¬ 
ries  .  Consistent  control  over  itedi- 
cated  ainnen  Indisputably  co.ntribu- 
te.s  to  tlie  holding  of  high  flight 
safety  level.  No  one  of  tiie  flyers 
with  medication  participated  in  any 
incident  or  accident, v>4iich  could  be 
connected  with  the  mcdicamentous 
treatment . 


4.  CONCLUSIONS 

1 .  Medicainentous  treatment  in  the 
course  of  active  flying  while  obser¬ 
ving  strict  rules,  removing  the  risk 
of  unfavourable  effect  on  physical 
and  ncntal  functions  brings  an  un¬ 
doubted  benefit  botli  for  tlie  aviati¬ 
on  industry  and  for  individual  air¬ 
man, disabled  with  a  curablo  disease. 

2.  Wlien  carefully  nanaged,  pliarmacc^- 
uticals  can  contribute  to  .signifi¬ 
cant  prolongation  of  professJ.onnl 
career  without  threatening  tlie 
flight  safety. 

Properly  indicated  and  controlled 
medication  not  only  does  not  inter¬ 
fere  with  demanding  airman's  per¬ 
formance,  but  at  the  same  t.lme  it 
reduces  the  speed  of  natural  progre¬ 
ssion  of  system  lesions , b  accanpany- 
ing  the  relevant  dtsease. 

4.  The  participation  of  airmen  in 
aliolishing  tho  s.c  ,  risk  factors 
very  often  meets  with  their  uncon¬ 
cern. 

5.  _ SUGGESTIONS 

Looking  for  more  crfective  means  of 
taking  over  tlic  rr*:>dicated  niniien 
for  a  reasonable  care  of  tho  hoaltli 
promoting  life-style  habits  could 
probably  lend  to  still  hxittor  resu 
Its. 

Elaboration  tire  means  of  reliable 
psychological  testing  of  all  medi¬ 
cated  ainiion  would  Ciurthor  raise 
tlie  .security  of  tlie  procedure - 

fa .  llECOMMIiNDA'riONS 

After  appropriate  mastering  of  tlie- 
oreticai  resources  and  of  organiza¬ 
tional  principles  by  aerancdical 
authorities  it  would  be  advisible 
to  consider  the  madi cation  of  care-- 
fuliy  indicated  and  controlled  in¬ 
dividuals  who  obtain  the  permission 
to  fly  with  waivered  certificate.s 
for  grarited. 
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7^ _ ADDENDUM 

Table  1.  Basic  data  on  medicated  airmen 


Rank 

Total 

Percentage 

Pilots 

306 

72,9 

Non-pilots 

114 

27,1 

Total 

420 

100,0 

.11-7 


Table  Z.  Indications  for  medicamentoias  treatment 


Indications 

Total 

Mean  age 

Duration  of 
medication 

Total  career 
prolongation 

Hypertension 

252 

49,2 

3.6  y 

856 

Metabolic 

disorders 

60 

46,8 

2,2  y 

124 

Hepatopati.es 

58 

42,5 

1,8  y 

116 

Other 

65 

44,9 

2,4  y 

158 

Total 

435 

47,4 

2,5  y 

1264 

Table  3.  The  age  at  the  beginning  of  atihypertensive  therapy 


Age  j^i.od 

Pilots 

Non-pilots 

Itatal 

20  -  29 

3 

1 

4 

30  -  34 

3 

3 

35  -  39 

16 

4 

20 

40  -  44 

13 

7 

20 

45  -  49 

46 

16 

62 

50  -  54 

74 

27 

101 

55  -  59 

31 

2 

33 

60 

8 

1 

9 

Total 


194 


58 


252 
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Table  4. 

Duration  of 

medication  in 

hypertension 

Duration 

(years) 

Pilots 

Non-pilots 

Total 

% 

1 

63 

15 

78 

31 ,0 

2 

37 

10 

47 

18,6 

3 

20 

6 

26 

10,3 

4 

23 

7 

30 

11,8 

5 

20 

2 

22 

8,7 

6 

7 

3 

10 

3,9 

7 

6 

3 

9 

3,6 

8 

9 

8 

17 

6,7 

9 

4 

2 

6 

2,4 

10 

3 

1 

4 

1,6 

11 

2 

1 

3 

1,2 

Table  5.  Therapy  of  hypertension  in  airmen 


Tterapy  Pilots 

Ncn-pilots 

Total 

Monotherapy 

56 

17 

73 

Two-oanbination 

127 

32 

159 

Three-cxxnbination 

11 

8 

19 

Four-oombination 

1 

1 

Ttotal 


194 


58 


252 
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